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What's Being Done, Now, About. . . ? 


By C. J. FREUND 
Vice President of the Society and Dean of Engineering, University of Detroit 


There are a dozen good reasons why 
the members of A.S.E.E. will fore- 
gather at the University of Texas in 
June. The best of these dozen reasons 
is that they want to know more about 
their business of making good engineers 
out of young Americans. 

It looks as if the conference pro- 
gram will meet their requirements. As 
evidenced by the program for the An- 
nual Meeting published in this issue, 
chairmen of the Society’s divisions and 
committees have been hard at work; 
besides being busy, they have been en- 


| thusiastic; and so have many of the 


members. That is excellent; it proves 
the vitality of the Society. But it gen- 
erates correspondence: “Why don’t 
youu... ?” and “How are you going 
to... ?” Letters can pile up faster 
than you can answer them. 

The way out is some sort of mass 
production reply. For this purpose the 
Editor has assigned space in the Jour- 
NAL. We thank him, and proceed as 
follows : 

“When We Have Succeeded in 
Signing Up as Important a Speaker as 
That, We Have to Be Sure to Get a 
Story About His Speech into the News- 
papers and Technical Magazines.” 

They have been thinking about pub- 
licity at the University of Texas ever 
since last summer. Professor H. L. 
McMath, publicity chairman, will es- 
tablish a press room, and a staff will 
be in charge throughout the meeting. 
Chairmen of divisions and committees 


51r 


need only bring copies or abstracts of 
their papers to this room, and the com- 
mittee will take care of the publicity. 

If the papers can be sent to the com- 
mittee ‘in advance of the meeting, so 
much the better. 

“It Is My Considered Opinion That 
It Was the Best Speech I Ever Heard 
in My Life. I Waited for It to Come 
Out in the Journal Because I Wanted 
to Clip It, But It Was Never Printed. 
Do You Happen to Know Why?” 

Possibly the speaker did not prepare 
a manuscript. Some of the best ad- 
dresses before the Society have been 
given offhand, or with the help of a few 
notes. Besides, paper is limited, and 
the Editor cannot possibly print every- 
thing which is sent to him. 

In fact, the chairmen of divisions 
and committees might very well send 
in three or more manuscripts because 
there will always be a number of divi- 
sions and committees which turn in 
only one paper, or none at all. 

“IT Thought That Each Division and 
Committee Had Been Limited to Two 
Conferences. Now I See That Some 
of Them Will Stage Three and Four. 
How About It?” 

This question hasn’t actually been 
raised yet, but it will be as soon as the 
preliminary programs are out. 

The limit of two was set by the 
officers of the Society because members 
insisted that there have been too many 
conflicting sessions. It is heartbreaking 
when eleven people show up for a ses- 
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sion and the chairman expected sixty. 

First of all, dinners and luncheons 
do not count as sessions. Any division 
or committee may schedule as many 


dinners and luncheons as it can manage. . 


Joint conferences in every case have 
been included in the allotment of either 
one of the two divisions or committees 
involved; but they appear in the pro- 
grams of both. 

And a number of divisions and com- 
mittees have elected to hold one con- 
ference, or none, and the officers of the 
Society have assigned these surplus 
conferences to those chairmen of divi- 
sions and committees who have repeat- 
edly and urgently requested an addi- 
tional conference or two. These addi- 
tional assignments have been made in 
the order in which the requests were 
made. 

“I Suggest That You Appoint a 
Committee of Six Husky Men and 
Send Them Around to Visit All the 
Conferences, and If They Find Any 
Speaker Reading a Paper Word for 
Word in a Dry and Monotonous Voice, 
I Suggest That They Tie Him Up in 
a Burlap Bag and Drown Him in the 
Nearest Lake or River.” 

It is an old grievance, and probably 
does more than anything else to put 
members to sleep or to drive them out 
of the room. But we favor a less 
violent solution. 

Possibly the division and committee 
chairmen can get in touch with their 


WHAT’S BEING DONE, NOW, ABOUT... ? 








speakers well in advance of the meeting 
and point out that very little of any 
paper is so significant that it must be 
presented verbatim. After he has put 
his paper together, the speaker must be 
reasonably familiar with his subject 
matter. With the help of a few pages 
of carefully organized notes, he ought 
to be able to tell his story freely and 
gracefully, and make use of inflection, 
facial expression, variety of emphasis 
and other familiar devices for capturing 
and holding the attention of his 
audience. 

Well, one could go on indefinitely, 
but paper and space in the JouRNAL 
are scarce. A very few words of this 
allotment from the Editor remain, and 
they should probably be utilized to sug- 
gest to the energetic and efficient chair- 
men that they give such consideration 
as they think proper to a short relaxa- 
tion or “breather” half way through 
the sessions ; to watching the tempera- 
ture and ventilation of the conference 
rooms ; to finding out before the motion 
picture projector is ready to start where 
the light switches are and who will tum 
them on and off; and to curbing the 
first of three speakers who wants to 
use up one hour and a half of a two 
hour session. 

Finally, the members of the Society 
should know that the divisions ané 
committees are on the job; and that 
there are going to be some really 
splendid conferences at Austin in June. 


Section Meetings 


The New ENGLAND SECTION meet- 
ing will be held at Northeastern Uni- 


versity, Saturday, October 16, 1948. 


The SourHwest SEcTION will hold 
a meeting in Austin, Texas, at the 





time of the Annual Meeting of the Se 
ciety, June 17, 1948. 

The Ittrnots-INpDIANA SECTION 
meeting will be at the Illinois Institute 
of Technology on May 7-8, 1948. 
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‘Building the Future Today 


Great cities and industries of the fu- 
ture are being built today in the labora- 
tories of the University of Texas Col- 
lege of Engineering. 

A visit to the College by members of 
the American Society for Engineering 
Education during their June 14-18 
campus meeting will find young men 
studying management engineering as 
well as the basic fundamentals of the 
engineering profession. With a liberal 
offering of courses in the humanities 
required for the engineering degree, the 
student is being prepared to manage men 
as well as machines when he assumes 
his post as a professional engineer. 


In between regularly scheduled meet- 
ings, visiting A.S.E.E. members will be 
invited into the classrooms and labora- 
tories of the $2,500,000 University 
engineering college to watch both 
young minds and those of the more 
mature ex-servicemen learning to build 
everything from a better water filtra- 
tion plant to a better ice cube. 

They can inspect the college’s new 
and modern equipment, including a 
$15,000 electron microscope which 
magnifies up to 100,000 times and gives 
scientists molecular properties of the 
substance as well. 

Students from all over the world 





Dynamometer test on automobile engine 
Mechanical Engineering 


543 






















BUILDING THE FUTURE TODAY 





Modern equipment includes the $15,000 electron microscope 


will be found working side by side 
with lanky Texans, for the enrollment 
of the College includes 175 foreign 
students. 

On a quick tour of the 10 subdivi- 
sions of the College, guest engineers 
will find: 

Aeronautical Engineering. Looking 
to the “unlimited horizons” of the field, 
students learn manufacture of complete 
aircraft, or aircraft components, such 
as engines, propellers and landing gear 
elements ; and design engineering. 


Architecture and Arichitectural Engi- 
neering. With the recent establishment 
of a School of Architecture within the 
College of Engineering, new emphasis 
has been given the program of instruc- 
tion for the erection of the cities of 
the peacetime world. 

Ceramic Engineering. <A bountiful 
supply of native Texas ceramic mate- 
rials bred this comparatively new de- 
partment which is helping to father the 
state’s ceramic industry by training its 
personnel. In addition to instruction 
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in manufacture of heavy clay building 
products, students learn through com- 
bined art-ceramic courses the artistic 
approach to finer pottery pieces. 

Chemical Engineering. Continuous 
expansion is the keynote here as the 
department strives to fulfill the needs 
of the growing Texas chemical indus- 
tries for trained men and for technical 
aid and research facilities for further 
industrial development. 

Civil Engineering. Advanced sur- 
veying work progresses on a large tract 
of University-owned land along the 
Colorado River adjacent to one of the 
Lower Colorado River Authority dams, 
and new programs in sanitary engi- 
neering, hydraulics and public health 
training are available to meet the de- 
mands of a growing enrollment. 


Drawing. Knowledge gained at the 
boards of this department is the under- 
pinning of degrees in all engineering 
degree-granting departments. 

Electrical Engineering. Amid the 
powerful machines of the laboratory 
and the intricate problems of the class- 
room, EE students learn generation, 
transmission, distribution, communica- 
tion, electronics, and illumination. 

Mechanical Engineering. The train- 
ing program for this varied field de- 
parts from the technical to imbue stu- 
dents with the altruistic view that the 
better, cheaper, and more efficient pro- 
duction of a product will add to the 
sum total of benefits that society holds 
in trust for the people as a whole. 

Petroleum Engineering. Since 
Texas’ major industry is petroleum, 





Junior students designing a roof truss 
Civil Engineering 
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this department is constantly working 
with the problems of declining produc- 
tion and production improvement. Be- 
ing close to the state’s vast areas of 
petroleum production, the department 
is a laboratory of practical experience 
for the aspiring petroleum engineer. 
A strong graduate program fosters 
research in all fields of engineering 
and is bolstered by the Bureaus of 
Engineering Research and Industrial 
Chemistry. Recently the Engineering 
Research bureau developed a new and 
improved commercial process for the 
quick-freezing of foodstuffs, and the 
Industrial Chemistry bureau developed 
an entirely new commercial process 
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for the conversion of natural gas into 
acetylene and carbon black. 

Since its inception in 1890 at the 
hands of T. U. Taylor—who attended 


. his first school as a boy in Texas under 


an oak tree, rifle in hand for protection 
against Indians—the College of Engi- 
neering has grown from a department 
in Applied Mathematics to a College 
with four complete permanent build- 
ings, two large temporary buildings, 
and plans are in the offing for addi- 
tional construction. 

To the 105 engineering faculty mem- 
bers and their dean, W. R. Woolrich, 
the increasing demand for trained engi- 
neers is the College’s challenge for 
tomorrow. 


Council Notes 


The Executive Committee of the 
Engineering College Administrative 
Council has approved a project to study 
the physical development of engineer- 
ing facilities in the United States. A 
questionnaire has been sent to adminis- 
trative officers to obtain information. 
It is felt that many engineering college 


administrators are confronted with the 
problem of procuring funds for new 
buildings, and they would be greatly 
helped by an indication as to what 
engineering colleges in the country had 
been doing and were contemplating 
doing in this respect. 
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1. Before proceeding with the body 
of the paper, I should confess to you 
that in advance of my World War II 
experience, I had only a confused idea 
as to Federal employments and the 
operations of Civil Service. All I then 
knew about Civil Service was what I 
read on the Post Office bulletin board. 
To me the Civil Service procedures 
are still somewhat involved as com- 
pared to industrial practices but I may 
tell you that simplifying changes are 
coming, and through an accomplished 
decentralization of Civil Service op- 
erations and a larger participation of 
the user agencies of government in the 
selection of their employees the proce- 
dures are more in line with industrial 
operations. It is my belief that, in due 
time, government opportunities will be 
competitive with industrial opportuni- 
ties. 

2. I should like to acknowledge the 
very excellent material provided by 
Dr. Fleming and his associates of the 
Civil Service Commission, by Mr. 
James E. Rossell, Chief of the 2nd 
Regional Office, United States Civil 
Service, by Dr. Trytten, Director of 
the Office of Scientific Personnel, and 
by Mr. John F. Victory, Executive 
Secretary of the National Advisory 
Committee for Aeronautics. Dr. Flem- 


*Paper presented to the A.S.E.E., Upper 
New York Section, 2 November, 1946. 
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Opportunities for Engineers in the Federal 
Government* 


By J. H. BELKNAP 


Chairman, Division of Engineering, University of Rochester 


ing and his associates with Dr. Trytten 
provided information as to new opera- 
tions and Mr. Victory, representing a 
large user agency concerned with sci- 
entific and engineering personnel, sup- 
plied the user viewpoint. 

3. The Civil Service Commission is 
the Federal agency established by law 
for processing employees into Govern- 
ment service. It serves the Federal 
structure and controls personnel pro- 
cedures on the home-front, in our pos- 
sessions and in the foreign field. Prac- 
tically all Government employees are 
certified by Civil Service. Examples 
of exceptions are certain people within 
the executive, legislative and judicial 
branches of government (¢.g., our 
president and the federal judges) and 
some sixteen government corporations 
such as the TVA. But even in these 
exceptions there is some control by 
the Civil Service Commission. 

4. Government jobs are legion. It 
is fair to state that any industrial 
position or job may be found paral- 
leled, if not duplicated, somewhere in 
the Federal Government. Govern- 
ment opportunities encompass work 
from the menial and unskilled to the 
high policy making and administrative 
positions offered by our. Nation. 

5. But we are to limit our discus- 


sions to the opportunities for engineers. 


Under that heading we may list all 
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engineers who are trained in our col- 
leges, and again, include the home- 
front, our possessions and the foreign 
field. The home-front is well under- 
stood, and we have good knowledge of 
government opportunities in our pos- 
sessions. The foreign field is repre- 
sented by the engineers who are at- 
tached to our embassies and legations 
as consultants and advisors. No doubt 
we have sizeable staffs of advisory en- 
gineers in the Near East to serve our 
government with respect to the pro- 
duction of petroleum. Another exam- 
ple is the engineer who is serving in 
Military Government in the control of 
German industry. There are many 
such positions in the foreign field, 
where, the papers tell us, history is 
being made today. 

6. The well-known departments of 
our government offer many jobs for 
engineers, jobs of the kind which are 
duplicated in industry and need no 
explanation. To name a few of the 
departments there are: Commerce, In- 
terior, Agriculture, Treasury, War, 
Navy and State. Yes, even in the 
Department of State there are possi- 
bilities for engineers. We know that 
McMillan, head of Electrical Engi- 
neering at Oregon State, was sent to 
China by the State Department to work 
with the Chinese Government during 
the early war years. Bates of Metal- 
lurgy fame was likewise sent on a good- 
will tour to the South American Re- 
publics and only recently returned. 

7. In addition to the departments, 
there are many separate groups which 
are somewhat autonomous in their op- 
erations and report to other than the 
secretaries of the departments. Take 
the NACA with its three laboratories 
employing large staffs of research en- 
gineers, mathematicians and physicists 
and offering the most interesting of re- 
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search and development work in a very 
vital field—aeronautics. In NACA 
there are at this time possibly 3,00 
young engineers interestingly and, yes, 


. gainfully employed. I did not make a 


mistake in saying “young” as a very 
large percentage of these men were of 
military age during the war and were 
continued in their research and devel- 
opment work through a special plan 
submitted to and approved by Presi- 
dent Roosevelt. 

8. The War and Navy Departments 
utilize many Civil Service employees 
and of the whole a fair part are engi- 
neers, particularly in time of war. It 
is my recollection that in the Air Serv- 
ice Command alone, in late ’43, there 
were 192,000 Civil Service employees. 
If you will recognize Wright Field as 
an example of an employing agency, 
you will appreciate that the engineer- 
ing percentage in government agencies 
is large. 

9. Within the War Department the 
U. S. Engineers offer many opportuni- 
ties of a well-understood kind. Civil 
engineers, meclfanical engineers, elec- 
trical engineers, are commonly found 
on the large engineering projects hat- 
died by that Corps. 

10. Likewise, the Department of the 
Interior offers a large spread of engi 
neering positions with an emphasis 
placed on the civil engineering group 

11. It may be of interest to know 
of the classifications of positions within 
the Civil Service. In the notes whid 
I shall make available to you, I have 
included a table of the standards lis 
ings and the published pay brackets. 

12. The organization of the Civ 
Service Commission may be indicatél 
as follows: The Commission sits ij 
Washington and is composed of thre 
members, of which one represents tht 
minority party and the remaining tw 
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represent the party in power. The 
Commission and its staff in Washing- 
ton occupy the old Post Office build- 
ing. The group in the Washington 
Civil Service Headquarters develops 
policies, directs procedures and admin- 
isters operations in the Nation’s Capi- 
tal. There are fourteen regional offices 
which administer Civil Service proce- 
dures in their areas and who enjoy a 
degree of autonomy. Civil Service 
examiners and supervisors are installed 
in many large cities. 

13. Up until the war’s demand for 
a rapid increase in government opera- 
tions, Civil Service positions were to 
be obtained by making applications for 
known or anticipated vacancies and 
by taking the required written exami- 
nations. Registers (lists of qualified 
applicants) were established after ex- 
amining and rating. 

14. The “rule of three” was then 
applied before certifying an applicant 
for a given vacancy. Such positions 
were of the “permanent appointment” 


15. During the war wartime appoint- 
ments of a temporary kind were made. 
The same procedure is still followed. 
These appointments are for the dura- 
tion of the emergency and six months 
thereafter but can become permanent 
upon taking and passing the prescribed 
examinations. Of necessity during the 
war, the user agencies were permitted 
freedom to choose their new personnel 
but in all cases new appointments were 
required to be certified by an author- 
ized agent of the Civil Service Com- 
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mission. 

16. Government positions have not 
been competitive with the positions of 
similar kind in industry. It has been 


4 of th Jpomewhat difficult to surmount the red 


esents tht 





ape, and the more capable young men 
who were offered not only one but 
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possibly several jobs in industry would 
not trouble themselves to take the Civil 
Service examination and then wait for 
their appointment to be made. We 
know that our good friend, Mr. Bor- 
ing, was able to make appointments 
“on the spot” as was true for the many 
industrial representatives who called 
at the campuses for the selection of 
engineers for industrial positions. It 
is easy to see that the government 
agencies could not attract the better 
candidates with such competition. 

17. The inability of the Civil Serv- 
ice Commission to attract the best 
talent of the colleges into government 
jobs has been known to the Commis- 
sion. No doubt, the agencies brought 
this shortcoming to the attention of 
the Commissioners on many occasions. 
I recall one time during the summer 
of 1944 when a committee from the 
War and Navy Departments called 
upon the Commission and discussed 
the inability of the government to ob- 
tain strong men for scientific and en- 
gineering positions for the government 
agencies in the face of industrial com- 
petition. There have been changes 
since that time and I do believe that 
government service will now attract 
many of the more able young engi- 
neers. Mr. Boring will find another 
effective competitor in the field. 

18. The operations of Civil Service 
will be decentralized now that the four- 
teen regional offices may operate quite 
autonomously, and the user agencies 
may participate in the selection of men 
for their agencies. Committees of Ex- 
pert Examiners will service the large 
agencies in Washington and _ local 
Boards of Examiners will serve the 
subsidiary or outlying organizations. 
These examining boards are made up 
of personnel from the agencies and op- 
erate within the framework of policies 
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Pay SCALES OF THE CLASSIFICATION ACT 
OF 1923, as AMENDED EFFECTIVE 
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Juty 1, 1946 
Service and Grade Basic Pay Rates 

P SP | CAF} CPC] Minimum | Maximum 
1 | 1,080.00 1,402.00 
2 | 1,690.00 2,020.00 
1 1,690.00 2,093.04 
1 1,756.00 2,168.28 
3 | 1,822.00 2,168.28 
= 1,822.00 2,243.52 
3 e 1,954.00 2,394.00 
4 | 2,020.00 2,469.24 
4 3 2,168.28 2,619.72 
5 | 2,243.52 2,694.96 
5 4 2,394.00 2,845.44 
6 | 2,469.24 2,920.68 
1 6 5 2,644.80 3,397.20 
7 | 2,694.96 3,271.80 
8 | 2,895.60 3,648.00 
7 6 3,021.00 3,773.40 
9 | 3,271.80 4,024.20 
3 8 7 3,397.20 | 4,149.60 
10 | 3,648.00 | 4,400.00 
8 3,773.40 | 4,525.80 
3 9 4,149.60 | 4,902.00 
10 4,525.80 | 5,278.20 
4 11 4,902.00 | 5,905.20 
5 12 5,905.20 | 6,862.80 
6 13 7,102.20 | 8,059.80 
7 14 8,179.50 | 9,376.50 
8 15 9,975.00 | 10,000.00 

9 16 See note 2 below 

















= 


. Figures obtained from Government Pub- 
lication, D529R1-. ). 

2. P-9 and CAF-16 have no explicit pay 
rates. They include positions for which 
Congress, in individual cases, expressly fixes 
a pay rate in excess of $10,000 a year. 


set up by the Civil Service Commis- 
sion. In the case of the NACA head- 
quarters in Washington the NACA 
Committee of Expert Examiners will 
pass upon candidates for their vacan- 
cies, and, similarly, local Boards of 
Examiners will serve the three NACA 
laboratories. The user agencies work- 
ing within the mentioned framework 
of policies and procedures may have 





their chosen applicants certified for 
temporary appointments. This simpk 
operation will be in effect until the 
Civil Service Commission can set up 
examinations and establish registers, 
These temporary appointments may 
become permanent appointments when 
examinations for the particular job 
classifications have been taken and 
satisfactorily passed. 

19. The agencies are now partici. 
pating in the setting of standards, writ- 
ing announcements, setting of rating 
schedules and rating the examination 
papers. 

20. All of these newly authorized 
operations simplify the procedures and 
bring the user agencies much closer to 
the selection and appointment oper: 
tions which should help immeasurably 
in selecting and obtaining within th 
agencies the desired talent for specid 
scientific and engineering jobs. | 

21. And more extensive departure 
from conventional procedures are be 
ing announced. Civil Service is offer 
ing summer work to certain student 
pursuing college educations. The jo 
titles covering this special arrangement 
are: “Engineer Trainee,” “Student Er 
gineer” and “Engineering Aide.” | 





am further advised that a typical o 
operative plan may be developed, thu 
enabling young men who are followiy 
a college education in engineering 
an area contiguous to a governmel 
agency to alternate between their gc 
ernment jobs and the college classroom 

22. To make it possible for the go 
ernment agencies to be more compet 
tive with the industries, it is planne 
to announce positions and scheduk 
examinations early in October of ea¢ 
year. From the established registe! 
then, it would be possible for agencié 
to make provisions appointments af 
secure the actual services of the yout 
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engineers immediately upon their grad- 
uation. 

23. It will interest you to know that 
an administrator of Civil Service has 
predicted that it will take three more 
years for the Government to obtain its 
needed quota of young engineers from 
the colleges. These young “profes- 
sionals” when obtained will be used to 
fill existing vacancies and to maintain 
authorized levels. It is believed that 
the government can absorb up to 6 per 
cent of the yearly output of the engi- 
neering colleges. 

24. You may have noted a current 
departure from the customary plan of 
posting examination announcements in 
the country’s post offices to give notice 
of high level professional vacancies. 
Now examining circulars for the re- 
cruitment of individuals for such high 
grade professional and scientific posi- 


tions in the physical sciences are sent 
to carefully chosen places, organiza- 
tions and persons for the attention of 
those who may be well qualified for 
the openings. These examining circu- 
lars are not as detailed as the examina- 
tion announcements but they carry the 
necessary data as to experience and 
educational requirements, salaries and 
an indication of location. Such cir- 
culars usually cover positions in the 
P-6, P-7 and P-8 grades. 

25. When all of the mentioned 
changes in procedure have been ac- 
complished, and they are being put 
into practice now, I believe and hope 
that our government will be definitely 
competitive with industry in the em- 
ployment of our engineering graduates. 
Our government should have the Na- 
tion’s best talent within its technical 
bureaus. 


College Notes 


Chancellor Samuel P. Capen of the 
Universiry oF BurFFALO has an- 
nounced the appointment of nine new 
staff members for the School of Engi- 
neering. In the Department of Indus- 
trial Engineering the new additions in- 
clude: James L. Turner, associate pro- 
fessor; Maxwell Y. Snow and Lowell 


P. Bassett, assistant professors, and 
Marvin Breslaw, instructor. The De- 
partment of Mechanical Engineering 
has been augmented by Richard L. 
Pleuthner, assistant professor, and 
Richard J. Costello, Robert S. First 
and G. Roger Oehmke, instructors. 
























Science and the National Welfare 


By E. U. CONDON 


Director, National Bureau of Standards 


Society is at this moment at the 
threshold of an undreamed of mastery 
of our material environment, for sci- 
ence, which provides that mastery is 
in its Golden Age. 

In particular, achievements in nu- 
clear physics promise incredible ad- 
vances in the years ahead. Energy 
from atomic power plants has been 
much talked about, but even more im- 
portant are the tools provided by nu- 
clear physics for research in other 
fields. Radioactive isotopes, for ex- 
ample, will permit us to explore the 
structures and constitution of molecu- 
lar aggregates, for such isotopes can 
be introduced into a system as scien- 
tific detectives. They will behave as 
the usual atoms of the particular ele- 
ment behave, but they can be traced and 
studied by means of the radiation they 
emit. Tracer studies of this kind will 
unravel secrets in biology, physiology, 
medicine, chemistry, and metallurgy. 

The combined effect of tracer stud- 
ies, of a variety of sources of radiation, 
of various sources of high-intensity 
highly-accelerated sub-atomic particles, 
and fundamental knowledge of the nu- 
cleus means that spectacular advances 
in many fields are at hand. The prob- 
lem of curing fatal diseases will be 
successfully attacked ; fundamental bio- 
logical and physiological processes will 
be understood; new types of therapy 
will be developed in medicine; better 
control of intricate chemical manufac- 
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turing processes will be feasible; new 
products, like petroleum fuels and 
metals with unusual properties, will 
be possible; and even new forms of 
plant life can be created. The speed 
with which these possibilities are rea- 
lized depends primarily on how much 
effort we put into such activities. For 
there is no question that the impetus 
of the new knowledge in nuclear phys- 
ics, in conjunction with steady advances 
in other fields of science during the last 
50 years, means a general efflorescence 
of the physical and life sciences. 

But if we are to profit from this 
happy situation, there are major prob- 
lems to be solved, and their solution 
will not wait. From one point of view 
life today is a race, a race between 
knowledge in the physical sciences 
which gives material mastery and gen- 
eral ignorance which retards or rejects 
mastery of our environment. Rejection 
means no more and no less than de- 
struction of civilization as we know and 
cherish it. 

The problems confronting us, ap- 
proaching them from the standpoint of 
the sciences, exists on several planes— 
two in particular: the specific problems 
of science as science and the question 
of these sciences in relation to the other 
activities of man. 


Problems of Science 


The problems arising within the sci- 
ences themselves are extremely practi- 
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cal ones, and on the whole they are 
not complex. Several axioms are at 
once apparent. First, science is uni- 
versal. Second, science is unlimited in 
its material. Third, the rate of scien- 
tific progress depends on the amount 
of effort put into science. These axi- 
oms are important: they mean that no 
individual and no nation has a monop- 
oly in science, that science affords an 
inexhaustible mine of valuable knowl- 
edge and discoveries, and that we must 
be willing to support science appreci- 
ably if we expect to gain heavily and 
to maintain leadership. 


The Steelman Report 


A comprehensive and cogent analy- 
sis of the problems of science is to be 
found in Dr. John R. Steelman’s re- 
port to the President, “Science and 
Public Policy.” Taking into account 
the three major groups engaged in 
research and development activities— 
the universities, the industrial labora- 
tories, and the Federal research agen- 
cies—Dr. Steelman points out that 
each of these groups is “especially 
adapted to the performance of a par- 
ticular type of research and each can 
make a unique contribution to our total 
research and development effort,” with 
university emphasis on basic research, 
industry on development, and Govern- 
ment laboratories engaged in both. _ 

As a “basis for our progress against 
poverty and disease” and as the basis 
of national security, the Steelman re- 
port analyzes the present scope of our 
scientific effort, the deficiencies now 
present, and the needs in terms of a 
broad program. The main recom- 
mendations of the Steelman report are 
eight in number, and I would like to 
discuss them briefly. 

1. It is recommended that expendi- 
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tures for research and development be 
expanded as rapidly as facilities and 
trained manpower can be provided. A 
suggested goal is that by 1957 1 per 
cent of the national income should be 
expended in research and development 
in university, industry, and government 
laboratories. 

The report shows that a little over 
1.1 billions are being spent this year 
for research and development, exclud- 
ing the social sciences. With a na- 
tional income of 200 billion dollars, this 
is an expenditure of little more than 
¥% per cent. Only about 110 millions, 
or less than 10 per cent of the total, 
is spent for basic research. Almost 
half—that is 460 millions—enters into 
the development of military weapons 
and needs, not including the amount 
spent for atomic bomb development 
now considered to be a civilian activity. 

2. It is recommended that heavier 
emphasis be placed in the future on 
basic research and on medical research. 
More specifically, it is recommended 
that the total research and development 
budget be doubled, coincidentally quad- 
rupling basic research activity and trip- 
ling research on health and medicine. 

3. It is recommended that support 
for basic research be provided for the 
Federal Government at a progressively 
increasing rate, reaching an annual 
rate of 250 millions by 1957. The pres- 
ent rate of total expenditures for basic 
research is 110 millions while quad- 
ruplirig would require 440 millions; so 
that this proposal leaves ample scope 
for large scale and expanding support 
of basic research by private groups and 
state governments. 

4. It is recommended that a National 
Science Foundation be established with 
a Director appointed by and respon- 
sible to the President to administer the 
program of grants in support of basic 
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research. It is also recommended that 
the Director have a board of advisors 
half of whose members should come 
from Government laboratories in order 


to provide for proper correlation of the - 


work with that of the Government 
laboratories. 

5. It is recommended that a pro- 
gram of Federal scholarship aid to 
university students be developed in 
order to provide for the proper train- 
ing of the increased number of scien- 
tists needed and that this program be 
a part of a general program of assist- 
ance to university students in all fields 
of interest. 

6. It is recommended that suitable 
Federal assistance be given to colleges 
and universities in developing their 
scientific research facilities and that this 
should be administered as part of a 
broad program of aid to universities 
in all fields. 

7. It is recommended that the work 
of the several Federal research estab- 
lishments be better coordinated by the 
establishment of an Interdepartmental 
Science Committee, by a coordination 
of all scientific research programs 
through the Bureau of the Budget, and 
by the assignment of a member of the 
White House staff to devote himself 
to problems of liaison at the top policy 
level of the Federal Government. 

8. Lastly, it is recommended that 
aid to the reconstruction of European 
scientific research be made part of our 
European Recovery Program. This 
recognizes, first, that science is uni- 
versal in that its truths are part of 
the universe accessible to all investi- 
gators, second, that we gain as much 
by original discoveries made elsewhere 
as by those which we make, and, third, 
that the progress of other nations in 
science and technology is necessary if 
they are to become self-sufficient again. 
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The program outlined in the Steel- 
man report is splendidly conceived, and 
every point is vital if we are to live 
up to the responsibilities with which 
we are confronted by our good fortune 
in natural resources and freedom from 
war devastation. 

One of the great difficulties about 
a major program of expenditures on 
basic research is that it is so difficult 
to explain to an appropriations commit- 
tee—and even to management in private 
business—precisely what the program 
will. accomplish with that degree of 
definiteness expected and demanded in 
other fields. It is necessary to entrust 
funds for research programs on faith, 
on the competence of the leaders of 
such programs, and the trust must be 
maintained for a sustained period of 
time. It is characteristic of most funda- 
mental research that several years are 
required for the completion of any 
work of importance and that the end 
result may be difficult to evaluate by 
anyone except specialists. What, for 
example, is the cash value of Einstein’s 
discovery of the relation E = mc?? No 
doubt it is an astronomically large value 
now. But what was its worth at the 
time of its formulation? And who was 
qualified to make the evaluation? The 
point simply is this: pure knowledge 
can not be evaluated in cold cash, and 
pure knowledge is independent of such 
evaluations. 

Unfortunately appreciation of this 
fact is not as widespread as it should 
be, which suggests the story of two 
partners who had long operated a 
chemical manufacturing business. They 
finally decided to employ a research 
chemist. Along about 11 a.m. of the 
first day of his employment, one part- 
ner said to the other, “Shall we go see 
whether that research chap has discov- 
ered anything?” “No,” replied his 
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partner, “It’s a little too soon. Let’s 
wait until after lunch.” 


Zones of Danger and Weakness 


One of the dangers facing us in the 
present situation is over-confidence. 
The United States has led the world 
in technological progressiveness and in 
the techniques of mass production. We 
are, without question, the most power- 
ful nation in the world. In these very 
facts lies the essential danger, for over- 
confidence is a product of precisely this 
set of circumstances. Illustrations of 
pride preceding fall fill the pages of 
history, and civilization after civiliza- 
tion has perished in this fashion. We 
need glance backward no farther than 
the recent war to see a once scien- 
tifically sophisticated power lose leader- 
ship and initiative: Germany. For 
many years, during the latter half of the 
19th century and the early 20th, science 
in Germany was in a position of inter- 
national prominence, and yet we now 
know how misguided and superficial 
were their efforts in the direction of 
atomic energy. I believe that two fac- 
tors were at play here: First, the Nazi 
leaders eliminated the truly first-rate 
scientific leaders and installed second- 
rate party men in positions of scientific 
leadership. Second, there are obvious 
evidences of overconfidence on the part 
of the scientists as well as the nation 
in their scientific ability and achieve- 
ment. Thus, after the revelation of 
our work in atomic energy, we had the 
spectacle of, first, the German refusal 
to believe that accomplishment, and 
second, childish attempts to pretend 
that they had not wanted to develop 
an atomic bomb but that they really had 
progressed in atomic research and that 
their researches were to be devoted to 
peacetime uses. The rationalizations 
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would be merely amusing were they 
not also sardonic. 

Again, we have the spectacle of Eng- 
land’s dilemma in this century. Prior 
to the 20th century, the English had 
led the world in technology, one of the 
consequences of their early industriali- 
zation. This leadership had lulled the 
British into accepting this preeminence 
almost as a law of nature, and progress 
in modernization of facilities and in 
mass-production technique was not pur- 
sued vigorously. The result was that 
England fell behind Germany and the 
United States. A reluctance to accept 
scientific advances, in the face of obso- 
lescence, is thus dangerous. 

The obvious lessons of the past, as 
far as science is concerned, indicate that 
competent leadership must be fostered 
in science—remember that for every 
thousand scientists adequate to contrib- 
ute in a rather routine way there is 
only one with great and inspiring cre- 
ative ability—and we must never take 
for granted future achievements on the 
basis of past performances. This 
thought leads to another danger con- 
fronting us: as a nation we have been 
outstanding in applying science; we 
have not been outstanding in basic 
scientific discoveries or theory. If we 
are to attain our goals, it is imperative 
that basic research be supported on a 
large scale. 

In atomic energy, for example, we 
were essentially dependent upon the 
work of European scientists for our 
basic knowledge, and European scien- 
tists in this country contributed heavily 
to our success, in particular Fermi and 
Szilard. Again, during the first half 
of the war, we were dependent on 
British research and development in 
radar for our own program, and it was 
not until the latter portion of the war 
that we contributed in a basic way to 
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this field. Then our contributions, 
particularly in microwaves, were 
significant. 


Research in Rubber 


Still another field, vital to our econ- 
omy, in which we have been dependent 
on European research is rubber, repre- 
senting in the recent conflict a vast 
Federal investment second only to 
atomic energy and radar. The need 
for synthetic rubber during the war, 
as a result of the unavailability of natu- 
ral rubber, is well known. What is 
not so well known is that the synthetic 
rubbers we used were developed largely 
by the Germans. The four types of 
synthetic rubber which we produced 
during the war were GR-S, Neoprene, 
Butyl, and the Nitrile rubbers. Of 
these only Neoprene is purely Ameri- 
can, a development of the DuPont Com- 
pany. Butyl is partially an American 
development, for its constitutes a radi- 
cal improvement of the German mate- 
rial polyisobutylene, yet it was based 
on this German work. Fundamental 
patents were taken by the Germans on 
the remaining two types—the Nitriles 
(under the German name Buna-N) 
and GR-S (under the German name 
Buna-S)—in the early 30’s. Of all 
these rubbers, GR-S is the most im- 
portant: more than 80 per cent of our 
total production was of this type be- 
cause it is not only cheaper but best 
for tires. 

Now that natural rubbers are again 
available, the problem of what to do 
with the synthetic industry, which in- 
volved a Federal investment of more 
than $700,000,000, is acute. This in- 
dustry will be called on for only limited 
production, primarily to insure plant 
potentialities in the event of any future 
emergency and to provide the synthetic 
product for certain applications. The 
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magnitude of the investment, the size 
and scope of the plants, and the rela 
tions between the synthetic and natural 
commodity are major commercial prob- 
lems. For this very reason, the need 
for continued’ research and develop. 
ment is obscured. 

The National Bureau of Standards 
has long been active in the research 
and development phases, both as they 
pertain to synthetic rubbers and natu 
ral rubbers. From the standpoint of 
the national economy and security, it is 
necessary that a major and coordinated 
program of research and development 
be maintained in this field. Basic re 
search is necessary if new types d 
synthetic rubbers are to be developed; 
developmental research is needed to de 
velop desirable characteristics in the 
rubbers now available, to determine 





















their properties. Much also remain 
to be done in measurements and instru} 
mentation associated with the synthetit 
rubbers. 

In the future this country must have 
a vigorous program of rubber research 
to maintain “a technologically advanced 
and rapidly expandible domestic rubber- 
producing industry” as part of our na 
tional policy outlined in the Crawford 
Act (Public Law 24, 80th Congress). 
The cost of such a program would 
involve an annual expenditure of about 
4 million dollars which is less than | 
per cent of the amount spent for the 
1 million tons of rubber that this cout 
try consumes annually. Industry 
should expend a corresponding amount 
for the development of new rubbers, if 
addition to its expenditures for research 
on end-products. 

The cost of such a program is really 
relatively small in terms of the valut® 
of the commodity and in terms of its 
national importance. Merely to mait- 
tain the present synthetic plants in 4 
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stand-by condition involves an annual 
expenditure of over 8 million dollars, 
and these plants may well be obsolete 
at the time of another emergency; so 
that a federal expenditures of half this, 
to insure our future in this field, is from 
any practical point of view, trifling. 


Research in Optical Glass 


A comprehensive and broad program 
of research in the field of synthetic rub- 
ber is a matter of national wisdom, and 
similar programs are needed in other 
fields, many of them not of such vital 
concern on the surface. For example, 
a national program of basic research 
on optical glass is a primary desider- 
atum, and yet the thought of the im- 
portance of optical glass is not likely 
to occur to those not engaged directly 
in military problems because the an- 
nual requirements of this country for 
precision optical instruments for civil- 
ian purposes during a period of peace 
are almost negligible when compared 
with the demands made upon our in- 
dustry by our military agencies during 
war. 

Here is a field in which we were 
long dependent on European develop- 
ments. Prior to the first World War, 
all optical glass used in this country 
was imported from abroad. It was 
during this period, under the sponsor- 
ship of the Navy, that the Bureau 
started experiments on the production 
of optical glass and succeeded also in 
fulfilling military requirements during 
that conflict, but this was possible only 
because the United States did not enter 
the war until the fighting in Europe 
had been going on for over two years. 
In the years between World War I and 
World War II, experimental work was 
supported at the Bureau by the Navy 
Department as a hedge against any 
future emergency, and the foresight of 





SCIENCE AND THE NATIONAL WELFARE 





527 


the Navy Department was amply re- 
warded in the recent conflict, for not 
only were satisfactory types of glass 
available as a result of prior experi- 
mentation but actual production in this 
emergency period was necessary by the 
Bureau, attaining a peak of 236,000 
pounds in 1943. Moreover, the Bureau 
was able to train industrial engineers 
and technicians so that their plants 
could enter into the production of this 
specialized kind of glass and assistance 
was rendered to other branches of the 
military .establishment. 

If we are to be again prepared for 
future eventualities, a program of re- 
search and experimentation must be 
maintained. Stockpiling of optical 
glasses is not a solution, for stockpiles 
tend to maintain the status quo, sad- 
dling the military services with obso- 
lete instruments and making the intro- 
duction of better glasses and instru- 
ments difficult. As a general rule, with 
valid exceptions only in the case of 
basic raw materials, stockpiling is futile 
for it tends to hinder progress. 

A progressive research program is 
the only sensible solution, involving the 
development of new types of optical 
glass, analysis of the chemistry and 
physics of such glasses, the develop- 
ment of new and more efficient methods 
of making and processing optical glass, 
the investigation of new optical mate- 
rials for such systems as the ultra-violet 
and infra-red, studies of polished sur- 
faces, and the development of control 
methods in- production of highly pre- 
cise optical components. 


Research in Buildings and S tructures 


Finally let me mention a field some- 
what removed from pure science and 
related more to applied science and 
engineering: building technology. The 
need for research in this field needs no 
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stressing in this critical period of hous- 
ing shortages, but it is significant to 
note the technical reasons behind our 
apparent backwardness in this field. 
In almost every field where American 
science and industry have teamed to- 
gether to produce spectacular results, 
production has involved a centralized 
operation—for example, the production 
of automobiles, tires, typewriters, and 
so on. In the building industry, how- 
ever, no single firm has specialized in 
the production of a building as such, 
and practically every material and 
product known enters into a completed 
structure. In each of the fields supply- 
ing components for a building, research 
has been done, depending on various 
conditions, too many to outline here, 
and varying tremendously in extent and 
scope. No one, on the other hand, 
has attacked the problem from an inte- 
grated point of view, with the single 
exception, to my knowledge, of the 
work of the Bureau of Standards in 
building materials and structures. 

Even here, as a result of the ex- 
tremely limited funds granted for this 
purpose, the attack has been on a rela- 
tively small scale. Recently all of the 
sections engaged in this type of work 
at the Bureau have been unified into 
a consolidated Building Technology 
Division, and an accelerated and co- 
ordinated program is underway. 
Groups are engaged simultaneously in 
investigations of the properties of mate- 
rials: structural strength; fire resist- 
ance; accoustics and sound: insulation ; 
heating, ventilating, and air condition- 
ing; durability and the exclusion of 
moisture ; building and electrical equip- 
ment; and other projects. 

Unified scientific research in other 
fields of industry has been responsible 
for productive results, and it is reason- 
able to assume that the effect of this 
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approach, applied generally throughout 
the 10 billion dollar construction in- 
dustry, will achieve similar results. 


- Science and Man’s Other Activities 


Even these few illustrations indicate 
that science does not function in a 
vacuum, divorced from everyday life, 
It is a preeminently practical thing, 
dealing with crucial problems affecting 
industry, business, the nation, and the 
world. It costs money and it demands 
the efforts not only of scientists but 
every segment of our population. Too 
often science is pictured as an “ivory 
tower” affair with no or little relation 
to reality. On the contrary, it is con- 
cerned immediately with the nature of 
the universe. It is the cause of our 
industrial economy, and it operates 
within the full context of social exist: 
ence, and it deals with practical prob- 
lems as much if not more than with 
theoretical ones. One of the discourag- 
ing attitudes widely prevalent in the 
contemporary world is the high regard 
placed upon what is called “practical” 
and the low esteem granted the “the 
oretical.” In point of fact, the two 
differ only in time, relative to applica 
tion ; and pure, fundamental knowledge 
precedes applied knowledge. 

The operations and progress of sc 
ence can therefore be understood fully 
only in terms of the framework of out 
general society and in relation to the 
other activities of man. This context 
is particularly significant when we con- 
sider that science has now placed in 
our hands tools that are equally potent 
for good or evil. I have been talking, 
for the most part about the good, but 
actually the potential evil is more im- 
portant because—of what value is this 
growing potential of good if science is 
used to destroy the civilization from 
which it has sprung? 
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It is fashionable to cry down the so- 
called pessimist who suggests this dan- 
gerous possibility, partly because no 
one loves a pessimist, partly because 
man is largely a hopeful creature with 
a belief that at worst he will muddle 
through, and largely because the dan- 
gers are difficult to group and appraise 
as a consequence of the staggering dif- 
ference in kind and degree of present 
dangers in the form of scientific war- 
fare. It is sufficient to say for my 
purposes that science has presented us 
with several weapons each of which 
unleashed can mean almost total, if 
not total, destruction. 

The question then is how to prevent 
such a situation. The answer is not 
to be found in the physical sciences. 
It is to be found in other realms of 
man’s activity—in economics, in sociol- 
ogy, and in political science. Man’s 
conduct in the physical sciences is ra- 
tional ; in these other fields it is largely 
arbitrary. 


Research in the “Humane” Sciences 


It is often said that man’s social ir- 
rationality is a consequence of the fact 
that economics, sociology, and political 
science are not sciences, that they are 
merely individual judgments and per- 
sonal opinions. Now this is palpably 
untrue even at present, for much is 
known about cause and effect in these 
fields, and such statements are made 
only because habit, custom, tradition 
and heritage tend to make us cling to 
whatever we know rather than to re- 
examine the data, coolly and critically. 
So far no readily demonstrable experi- 


ments exist in what I shall call the 
“humane” sciences as exist in the physi- 
cal sciences. 


Admittedly, these “humane” sciences 


are younger than the physical sciences. 
Moreover, the variables to be accounted 


for are vastly greater than those we deal 
with in the physical sciences. But these 
are not adequate reasons for belittling 
the “humane” sciences and denying 
them support. On the contrary, these 
are compelling reasons for supporting 
them, and the present state of civiliza- 
tion demands that they receive this 
support. As a matter of fact, since the 
physical sciences have outstripped 
man’s capacity for using them wisely, 
sanely, religiously, it is of the utmost 
urgency that we attempt to forge ahead 
in the “humane” sciences lest all be lost. 

And this is the time for intensified 
activity in these fields, nct only because 
of the urgency of our need but because 
now the physical sciences have two 
tremendous tools to contribute to the 
“humane” sciences, tools that will per- 
mit “scientific” analysis of data having 
a large number of variables. 

The first of these tools is statistics 
which provides the theoretical, mathe- 
matical basis for analysis, the mathe- 
matical techniques for handling data, 
and the criteria for evaluating results. 
Mathematical statistics is now a sub- 
stantial and well-developed discipline, 
and it does, in fact, offer these tools. 
Automatic electronic computing ma- 
chines, on which many laboratories and 
companies are at work, constitute the 
second tool shortly to be available to 
the “humane” sciences. These ma- 
chines will permit the handling and 
analysis of data, rapidly and compre- 
hensively. Until the present one of 
the major problems in fields where vast 
amounts of data are obtained has been 
the handling and classifying of the 
data. Literally thousands of man-days 
are needed in even relatively simple 
problems. This means that research is 
expensive, and the “humane” sciences 
have not usually been able to afford 
such luxuries. As an example of the 



















Se 















530 


labor involved in handling data of this 
type consider a relatively simple prob- 
lem. At the present time, a typical 
census problem involving 100,000 pairs 


of five-digit numbers, representing sta- 


tistical data, takes approximately 12 
working days exclusive of card han- 
dling and data punching. An electronic 
digital machine will handle the same 
sequence in 10 minutes at the most. 

The Steelman report does not con- 
sider research in the economic, social, 
and political sciences. The study of 
the physical sciences in itself was a 
major effort, requiring five volumes of 
summary findings. It is to be hoped, 
however, that a similar analysis of the 
“humane” sciences will be made in the 
near future and that a program for 
these sciences will be mapped out and 
implemented. 


Research in the “Mental” Sciences 


Just as there is a disparity in the 
evaluation of research between the 
physical and the humane sciences, so 
too there appears to be an analogous 
disparity in the attitude of most people 
toward research between the medical 
and the “mental” sciences. Like the 
physical sciences, the medical sciences 
produce what are called “tangible” re- 
sults—for example, now drugs, now 
clinical techniques, and so on. Like the 
“humane” sciences, the ‘“‘mental’’ sci- 
ences do not appear to produce mate- 
rialistic results, and have suffered simi- 
larly in the support granted them for 
research. This, too, is a situation that 
needs remedy. Psychology, psychiatry, 
and psychoanalysis are disciplines per- 
tinent in the solution of current prob- 
lems. Aside from the statistical fact 
that 3 out of every 7 beds in the hos- 
pitals of the United States are occu- 
pied by the mentally ill—a vast drain 
in terms of lost manpower and cost— 
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and that untold numbers of borderline 
cases permeate the entire social struc. 
ture, we need to know more about the 
workings of the mind. For there jg 
little doubt but that non-evident factors 
affect human behavior profoundly, fac. 
tors like frustrations and fears. 

These factors affect every activity 
of man, his personal, social, political, 
and even scientific life. From the 
standpoint of science, we can say not 
only that science affects individuals and 
nations but that these individuals and 
nations affect science. Even from this 
restricted approach, then, what ha 
happened or happens to men’s mind 
and spirits is of interest if we hav 
scientific objectives in view. We har 
seen how entire nations have appar: 
ently succumbed to a_schizophren 
that has led to the espousing of maz, 
undemocratic, bestial beliefs. We hav 
seen at least one nation despoil it 
scientists as a result of such a 
aberration. 

Compartmentalization in the science 
and in other fields is inimical to a co 
ordinated attack on the problems ¢ 
man. This compartmentalization i 
actually breaking down in the sciences 
The distinction between chemistry ant 
physics, for example, has almost var- 
ished. Competent research in the so 
cial sciences now depends on mastery 
of mathematics, and on the utilization 
of the electronic tools. The complexity 
of modern life depends on specialize 
tion for progress in particular field 
but, for overall progress and for a solt 
tion to the dilemma of unbalances, inte: 
gration and coordination are essential 
In short, education of a comprehensivt 
nature, embracing many fields, is needet 
for the survival of our civilization. 

The sciences, like those other tru 
seeking activities of man, require a fret 
environment, an environment above 
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free of fear, petty arbitrariness, and 

ranny. The pursuit of the sciences 
is fundamentally nothing more—or less 
—than the pursuit of truths. In the 
last analysis, all of man’s activities are 
subservient to what happens to his 
spirit—to his spiritual welfare, “For 
what shall it profit a man, if he shall 
gain the whole world, and lose his own 
soul ?” 

The National Research Council, 
2101 Constitution Ave., Washington 
25, D. C., announced a new program 
of fellowships supported by funds pro- 
vided by the Atomic Energy Commis- 
sion as a part of the Commission’s 
responsibility for future atomic energy 
research. These fellowships will be 


awarded in the many fields of science 
related to research in atomic energy 
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and the products of atomic energy 
processes. 

The University of Iowa is offering 
the tenth Management Course from 
June 7 to 19, 1948. This course is 
designed primarily for university in- 
structors and for people from industry 
who want comprehensive training in 
Production Planning, Job Evaluation, 
Motion and Time Study, Wage In- 
ventives, Plant Layout, and related 
subjects, and combines fundamental 
training with practical applications. 

Columbia University announces the 
appointment of Charles F. Bonilla as 
Professor of Chemical Engineering. 
Professor Bonilla, who is now at Johns 
Hopkins University, will direct re- 
search and teach chemical engineering 
thermodynamics. 












Let’s Spin a Yarn* 


By A. G. EDISON 
Nylon Division, Rayon Department, E. I. du Pont de Nemours & Co. 


You have all heard much about how 
nylon is manufactured from coal, air, 
and water. This morning I hope to 
show how three quite different ingredi- 
ents added up to make nylon long be- 
fore coal, air, and water were ever 
thought of as raw materials. These 
three ingredients were vision, faith, and 
genius. These three ingredients were 
being used by the Du Pont Company 
144 years ago when the first powder 
mill was set up in this country on the 
banks of Brandywine Creek only a few 
miles from here. These ingredients 
have been in use ever since, and every 
Du Pont product now on the market 
contains them. 

This discussion will especially trace 
the development of nylon. The devel- 
opment really started 18 years ago when 
the Du Pont Company embarked upon 
a program of pure research. This re- 
search was not directed at immediate 
profit, nor was it tied to any of the 
commercial commodities then being 
produced. This action on the part of 
our management speaks well for its 
vision and faith. 

Genius was added in the nature of 
especially capable men who were ac- 
quired to head up the various research 
groups. Of these men, perhaps the 


* Address delivered before the Middle 
Atlantic Section of the A.S.E.E., December 
7, 1946. 
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most outstanding was Dr. Wallace 
Carothers who was brought in from 
the Harvard faculty to head up th 
fundamental organic section. Dr. C 
rothers was tremendously interested in 
high molecular-weight compounds, such 
as proteins, resin, rubber, and the like 
and the reaction mechanisms which 
lead to the formation of these com 
pounds. In 1930 Carothers and his as 
sociates produced the first truly syn 
thetic fiber. It was not the nylon w 
know today. It was extremely difficult 
to make; it needed very expensive it 
termediates, and worse than this, th 
fibers soon became weak and brittk 
and they actually crumbled to pieces 
Nevertheless, something new had bea 
accomplished. This new fiber was ne 
merely a reworked fiber taken from m 
ture, such as we have in viscose proces 
rayon or acetate rayon, but it wast 
truly synthetic fiber made from tk 
building blocks of the organic chemist 





The possibilities of making a usable 
synthetic fiber seemed very promising 
so the research people continued wit 
their studies. Five years of intensi 
work, of trials, and failures and su 
cesses passed before Carothers and hi 
group could evolve the first polyamitt 
which was spinnable, stable, stron 
elastic, had a high melting point, as 
was made from potentially low-cost if 
termediates. The composition chose 
was polyhexamethylene adipamide, an 
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about 5,000 feet of the yarn was labor- 
iously made for a knitting test. 

The first polymers were made in 
glass equipment. Adipic acid and hex- 
amethylene diamine were dissolved in 
cresol and heated until the reaction was 
complete, and then the cresol was re- 
moved. The reaction vessel was heated 
by condensing vapors of a boiling or- 
ganic liquid. Today the glass and the 
cresol are gone, but the plant autoclaves 
are heated by a condensing vapor be- 
cause this kind of heating avoids hot 
spots. The first apparatus for spinning 
a filament of nylon was very crude from 
a machine design standpoint. A sam- 
ple of polymer weighing only a few 
grams was melted under inert gas and 
extruded by gas pressure through a 
spinneret which had its orifice made of 
a hypodermic needle. The wind-up 
was made from simple apparatus found 
in most any research man’s laboratory. 
The next machine was a bit more com- 
plicated in that more than one filament 
was extruded at a time and, by using 
rolls driven at different speeds, the 
yarn was stretched or drawn as it 
was spun. 

The physical properties of the yarn 
made with the equipment just described 
seemed so attractive that there appeared 
to be little doubt that a market existed 
for the product. The foundations for 
nylon had now been laid, and the fun- 
damental research on the nylon prob- 
lem was done. The job now was to 
advance as quickly as possible from the 
test tube to the plant. To carry out 
this work the nylon group was enlarged 
and men trained in mechanical devel- 
opment work were added. Altogether 
some 230 chemists, engineers, physi- 
cists, and other technically trained 
people worked on the development. 
The rate at which nylon was taken 
from the test tube to the plant prob- 
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ably established something of a record 
for the “pre-atomic age.” This record, 
if it is a record, was established by care- 
ful planning and hard work. It was 
established because the Du Pont Com- 
pany had among its engineers and 
chemists a few who had the true 
research approach, and this enabled 
them to succeed where others might 
have failed. It was established because 
organic chemists, physical chemists, 
analytical chemists, mechanical engi- 
neers, chemical engineers, electrical en- 
gineers, physicists, statisticians and 
others forgot how they were formally 
trained, took off their coats and went 
to work alongside one another with 
only this one objective: 

Get a process in a minimum time 
which is sure to work and leave plenty 
of doors open for future developments 
on productivity of machines and quality 
of the yarn. 

The problems were broken down into 
their elements, and research and engi- 
neering teams were assigned to each. 
The main divisions of the problem 
were: synthesis of intermediates, poly- 
mer manufacture, spinning, textile op- 
erations, and hosiery manufacture. A 
research team working on one of these 
problems would be further subdivided 
as the process was defined and as 
bottlenecks became apparent. A\l- 
though the researchers worked in 
teams, each man was assigned certain 
specific problems to be attacked inde- 
pendently and solved by his own in- 
genuity. 

I think you would be interested in 
hearing a little bit about each of these 
main divisions of the general problem. 

The job on intermediates divided it- 
self naturally into two parts: the syn- 
thesis of adipic acid and of hexamethyl- 
ene diamine. We needed processes for 
both compounds. Adipic acid was 
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available in Germany but not in this 
country, and hexamethylene diamine 
was known only to the scientific world 


through a few lines in big reference 


books. 

The route chosen for adipic acid was 
from phenol to cyclohexanol to cyclo- 
hexanone and thence ‘to adipic acid. 
Each of these steps involved detailed 
studies of reaction conditions, such as 
times, temperatures, and pressures; 
studies of catalysts, yields, methods of 
purification and design of equipment. 

The problem of synthesizing hexa- 
methylene diamine was particularly 
difficult. Adipic acid had to be reacted 
with ammonia and the reaction product 
dehydrated catalytically to make adi- 
ponitrile which could then be hydro- 
genated to the diamine. This is easy 
to say but difficult to do. Catalysts 
had to be invented, and some tricky 
problems on heat transfer had to be 
solved. Equipment design was worked 
out only after several false starts had 
been made, down conventional, but un- 
fortunately dead-end paths. The un- 
conventional approach was the one 
which solved the problem. 

I well remember the day we started 
the semi-works unit for the synthesis 
of adiponitrile. With the appropriate 
high executives of the company around, 
the first teacup full of crude nitrile was 
drawn off. A few minutes thereafter, 
the apparatus refused to work, and it 
took several weeks of intensive efforts 
to persuade it again to produce the 
much-wanted product. 

I want to point out here that the men 
working on the intermediates job not 
only had to learn how to make the in- 
termediates, but they were required by 
the nature of the problem to supply 
said intermediates to the team working 
on the problems of polymerization; 
and they in turn not only had to solve 
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their problems but had to supply poly- 
mer for the men who were spinning it, 
The work on all fronts had to advance 
at the same time. 

Chemically speaking, the formation 
of nylon polymer from the nylon mono- 
mer is a very simple reaction. One 
needs only to heat the monomer, to re- 
move water, and presto—you have the 
polymer. To control the degree of 
polymerization, to make one batch of 
polymer like every other batch, and to 
get the finished polymer out of the 
autoclave, chill it and cut it up without 
having it oxidize or get dirty, were 
some of the problems which confronted 
the polymer researchers. 

Entirely new methods and machine 
for the production of yarn had to k 
developed, since techniques used for 
spinning viscose or cellulose acetate were 
not at all adaptable to the spinning ¢ 
nylon. We had to learn how to mel 
the nylon flake without super-heating 
it and how to pump the molten nylon 
The pumping job in itself was quite an 
undertaking, and no pumps known @ 
that time would do the job. It was net- 
essary to pump the nylon through the 
spinneret rather than extrude it by 
gas pressure because only pumping 
would give the needed uniformity o 
filaments. An entirely new kind a 
spinneret had to be developed, and to 
make this spinneret it was even neces 
sary to invent a new alloy. 

A method for uniformly freezing 
the small streams of liquid polymer into 
small uniform filaments of nylon yar 
had to be worked out. Melt-spinning 
research had not proceeded very fat 
before it was evident that nylon could 
be spun at unprecedented speeds. This 
meant that we had to invent a wind-up 
for the machine which would wind up 
yarn at very high speeds and at the 
same time not damage the small fila 
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ments which make up the yarn. We 
also wanted to wind large packages of 
yarn because large packages meant 
fewer interruptions of spinning to re- 
move the filled bobbins from the ma- 
chine. The conventional engineering 
approach to this problem failed to pro- 
duce the kind of wind-up we needed. 
By conventional approach I mean that 
approach which adapts existing wind- 
ups by simply tightening tolerances and 
strengthening parts to stand the in- 
creased speeds. We got a good wind- 
up only by throwing away all the old 
ideas, characterizing the needs in terms 
of things which could be measured, and 
starting out afresh. 

A little while ago, I mentioned that 
one of the ‘first machines both spun 
and drew the yarn at the same time. 
We do not do this now because the fiber 
after spinning must be stretched ap- 
proximately 4 or 5 times its original 
length before the desirable physical 
properties are developed. This simple 
fact means that a combination spin- 
ning-drawing machine would need to 
wind the drawn yarn at 4 or 5 times 
the speed of spinning. This made the 
final winding speed outside the realm 
of practical winding speeds, so we had 
to divorce the spinning machine and 
the drawing machine. The machines 
used in the textile industry for the 
drafting of wool or cotton were not at 
all suitable for stretching nylon yarn. 
The whole development problem was 
uncomfortably well along before a real 
solution to the drawing problem was 
found. 

I think it is rather interesting to 
know that the drawing problem was 
finally solved, not by a mechanical en- 
gineer designing a machine, but rather 
by an organic chemist and a physical 
chemist who were working on the prob- 
lem of yarn uniformity. Several full- 
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scale textile machines were built, tried 
out, and discarded before the machine 
which we have today was developed. 

Another interesting problem in the 
textile field revolved about the fact 
that nylon yarn needed to be sized be- 
fore it could be knitted. The silkworm 
solves this problem very nicely by leav- 
ing a considerable coating of sericin on 
the silk filament as it is extruded from 
the worm’s spinneret. The people who 
make a finished product from the silk 
yarn leave this sericin on until they 
no longer need the protection it affords 
the individual filaments. We had to 
find a way to put a film-forming ma- 
terial on nylon yarn so that the needles 
of the knitting machine would not dam- 
age the yarn by pulling the individual 
filaments. Here again conventional 
methods of applying conventional sizing 
materials to textile yarns completely 
failed when tried on nylon. It was 
necessary for the organic chemists to 
invent a completely new, and hereto- 
fore unheard of, composition for a size, 
and it was also necessary to develop an 
entirely novel method of applying this 
size to nylon yarn. This sizing prob- 
lem put the research people in about 
the tightest spot that I ever want to 
see a research man put. The plans for 
our Seaford Plant were well under 
way before the sizing problem was com- 
pletely solved, and I can remember 
seeing the original blueprints with an 
empty rectangle marked “sizing area.” 
All of us connected with the nylon de- 
velopment heaved several big sighs of 
relief when the problem was solved, 
and the size and the machines were 
specified. 

From the time the first 5,000 feet of 
nylon yarn was knitted into a very 
crude stocking, to the time when the 
first nylon plant went into commercial 
production, a lot of work was done in 
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the hosiery mills to learn how to make 
hosiery out of nylon. In this work the 
DuPont Company had the excellent co- 
operation of some of the country’s lead- 


ing hosiery manufacturers who also . 


had the necessary amount of vision, 
genius, and faith to see that nylon was 
really a promising synthetic fiber. 
Many of the experiments which started 
on our experimental spinning machine 
were not finished until the hosiery 
manufacturers had made the yarn into 
some finished stockings. 

I am ahead of my story on an abso- 
lute time basis. In January, 1938, it 
was decided to build a pilot plant but 
this decision did not hold up the pre- 
liminary designs for the Seaford Plant. 

Things were kept moving so rapidly 
that the pilot plant was half constructed 
before the major features of the spin- 
ning machines were completely speci- 
fied. The construction and operation 
of the pilot plant was well justified be- 
cause several worth-while improve- 
ments to the equipment were worked 
out in time to get them into the plant, 
and besides, it was possible to do a 
good job of training the nucleus of the 
plant operating force. This certainly 
paid dividends, because the first yarn 
spun at Seaford was commercially ac- 
ceptable. 

The pilot plant was put in operation 
during July, 1938, and after only 3 or 
4 weeks of operation it was firmly de- 
cided to build the first plant and the 
money was appropriated. Essentially, 
all of the equipment for our Seaford 
Plant was specified by the summer of 
1939 and the plant operations began in 
December of that year. The Martins- 
ville, Virginia, plant started in Novem- 
ber of 1941, and we have continually 
been expanding the plants. Even now 
we are erecting new yarn machines at 
Martinsville and are commencing to 
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build a third yarn plant at Chattanooga, 
Tennessee. A plant for the manufac- 
ture of nylon flake for molding powder 
and monofil is currently being built 
near Parkersburg, West Virginia. 

Nylon yarn is characterized by high 
strength, high toughness, low density, 
and high elasticity. Its elastic modulus 
is somewhat lower than silk, cotton, or 
the strong rayons. It will not support 
plant or insect life. This unique com- 
bination of high strength, toughness, 
and elasticity undoubtedly accounts for 
nylon’s exceptional performance in la- 
dies’ sheer hosiery and other fabrics 
where durability is a problem. During 
the war when strength was at a pre- 
mium, we developed a yarn with a 
tenacity of 7.5 grams per denier, which 
is equivalent to a tensile strength at 
break of 110,000 pounds per square 
inch. Many million pounds of this 
strong yarn were used for cords in 
bomber tires, glider tow ropes and a 
multitude of other military uses. Ny- 
lon’s toughness and resistance to abra- 
sion shows up in the durability of 
stockings and suggests its use in foot 
ball pants, rugs, blanket bindings, chil- 
dren’s clothing and other “tough jobs.” 
The fact that nylon does not support 
plant or animal life was put to good 
use during the war in the South Pa 
cific where, I am told, most any kind of 
fabric in use there, except nylon, rotted 
in a few days. 

Nylon is more than a textile yarn. 
In fact, it first reached the public in 
1938 as a tooth-brush bristle. Re 
member, this was when we had not yet 
developed a commercial textile yarn. 
Now there are many uses for the vari- 
ous sizes of monofilament nylon: e.g, 
tooth brushes, hair brushes, paint 
brushes, dairy brushes, and other 
brushes where long service under hard 
use is an asset. Other uses for this 
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form of nylon are: racquet strings, fish- 
ing leaders, and surgical sutures. 

Nylon is injection-molded to make 
combs, dishes, tumblers, electrical 
switch parts and many other articles 
which require toughness, flexibility, and 
high melting point. Nylon makes an 
excellent coating for electrical wire be- 
cause of its toughness and resistance to 
abrasion and good electrical properties. 
It is commercially used now to coat 
blasting-cap wires. 
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Vision, faith, and genius—these three 
—I say made nylon. They will make 
the new nylons and all the other new 
things which we are sure are just 
around the corner. You men are in a 
key position to aid in such develop- 
ments because you give the basic and 
fundamental training to many of the 
people we and the other manufacturing 
concerns so vitally need to put vision, 
faith, and genius into our products. 











The Research and Development Board * 


By L. R. HAFSTAD 


Executive Secretary, Research and Development Board 


Washington is full of Boards, and 
to most of you the Research and Devel- 
opment Board is probably just one 
more among many. It was just one 
more board to me, also, until last July 
when I was asked to become its Exec- 
utive Secretary. The last several 
months have been extremely instructive 
for me. And perhaps it will be most 
helpful to you if I try to convey to you 
the impressions of an amateur of these 
tremendous government activities and 
problems. These impressions are, I 
think, very similar to those which you 
yourselves would receive were you also 
involved in the work. 

We have met here this afternoon to 
discuss the general subject of Govern- 
ment research programs and their rela- 
tion to your universities and colleges. 
Fortunately, we have as a guide in our 
thinking the recently completed Steel- 
man Report, with its wealth of factual 
information. The Steelman Report 
covers the work of the Government as 
a whole, in the field of scientific re- 
search. My topic is more narrow—the 
Research and Development Board of 
the National Military Establishment. 
This Board was set up to provide a 
mechanism for coordinating the re- 
search and development programs of 
the Army, Navy and Air Forces. It is 
interesting to note, however, that the 


* Address delivered at the Engineering 
College Research Council, Willard Hotel, 
November 12, 1947. 
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Steelman Report recommends the cre- 
ation of another top-level committee to 
coordinate, in similar fashion, all re- 
search programs on a national basis, 
that is, going beyond the Service re- 
search programs. 

Since the Research and Development 
Board has now had roughly a year of 
experience—it started out under the 
Army and Navy Secretaries as the 
Joint Research and Development Board 
—our experience in getting under way 
may be of interest to you. I might 
say that the old Board, the Joint Re- 
search and Development Board, was 
created by charter by the Secretaries 
of War and Navy and was, in effect, a 
forerunner of unification. The pres- 
ent Board exists by virtue of statute, 
Section 214 of the National Security 
act of 1947. This is the law which pro- 
vided for the unification of the Armed 
Services as the National Military Es- 
tablishment. For the purpose of our 
discussion here today, the purposes of 
the old and new Boards are substanti- 
ally the same. 

The first important question we must 
face is this one: Is there really a job to 
be done? Our assignment is spelled 
out by the law as follows: 


“It shall be the duty of the Board, 
under the direction of the Secretary of 
Defense— 

(1) to prepare a complete and inte- 

grated program of research and 
development for military purposes; 
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(2) to advise with regard to trends in 
scientific research relating to na- 
tional security and the measures 
necessary to assure continued and 
increasing progress; 

(3) to recommend measures of co- 
ordination of research and devel- 
opment among the military depart- 
ments, and allocation among them 
of responsibilities for specific pro- 
grams of joint interest; 

(4) to formulate policy for the Na- 
tional Military Establishment in 
connection with matters involving 
agencies outside the National Mili- 
tary establishment ; 

(5) to consider the interaction of re- 
search and development and strat- 
egy, and to advise the Joint Chiefs 
of Staff in connection therewith; 
and 

(6) to perform such other duties as the 
Secretary of Defense may direct.” 


All of this is laudable. It sounds well 
and is, in fact, quite reassuring. But 
what does it really mean? How are we 
to interpret these statements? And 
who is to interpret them? Lawyers 
could have a lot of fun with such ques- 
tions. One thing is certain, however, 
and that is that the intent of the Con- 
gress was for the RDB to be of assist- 
ance to the Services. Whatever our 
interpretation of our duties, it must be 
measured against this as a standard. 
Clearly the purpose of the Board is to 
bring civilian brains to bear on military 
problems, not conversely. 

Obviously, we should eliminate un- 
necessary duplication. This is desirable 
both to ease the load on the taxpayer 
and to relieve the pressure for scientific 
personnel. Paradoxically, however, re- 
search to some extent means duplica- 
tion! As all of you engineers know, 
to be dependable, experimental results 
must be checked and double-checked. 
This is true of a single scientist scru- 
tinizing his own data. Or, it may be 
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true with respect to one contractor in 
relation to another contractor working 
on a related problem. 

Let us consider an example taken 
from a field of considerable popular in- 
terest—cancer research. Cancer re- 
mains an unsolved problem. The Gov- 
ernment, no doubt, has many contracts 
with different experts seeking a solu- 
tion. Is this duplication? Is this un- 
desirable duplication? I think that it 
is clear that in this field of inquiry the 
only limit on desirable duplication is 
set by the number of qualified men. 
Suppose, however, we find two con- 
tracts are in existence, both having as 
their subject matter the investigation of 
the possibility of cures to be obtained 
by means of 500-kilovolt X-rays, let 
us say, but one contract specifiying a 
requirement that the course of treat- 
ment extend over a five-month pe- 
riod, and the other contract specifying 
a seven-month course of treatment as 
its objective. Obviously, this is not du- 
plication in a legal sense, for the “re- 
quirements” are different. But, it is 
equally obvious, is it not, that some co- 
ordination or, shall we say, education 
in the methods of research, is in order? 

The above ‘example may sound far- 
fetched and facetious, but it is not far 
different from arguments that have 
been going on in the guided missile 
field as to whether or not a statement of 
requirement, by one arm of the Na- 
tional Military Establishment, of a 300- 
mile rocket, considered in conjunction 
with a similar requirement by another 
branch, of a 400-mile rocket, represents 
“duplication,” with respect to the re- 
search and development necessary to 
the achievement of either. 

It is evident that in research pro- 
grams as large as those contemplated by 
the Government a high degree of tech- 
nical judgment is required with respect 
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to planning and administration. It is 
at this point that we suffer most acutely 
from the current porsonnel shortage. 
This matter of administration of re- 


search is the problem which, as this au- . 


dience knows only too well, puts us in 
danger of “killing the goose that laid 
the golden egg.” To be specific—on 
the one hand, with a few more really 
good scientists to plan and run the 
huge, multi-million dollar military re- 
search programs, enough money and 
manpower could certainly be saved to 
support your needs for research funds 
in the field of education. On the other 
hand, it is precisely these same good 
men who are needed as teachers to pre- 
pare the next generation. Obviously, 
also, if only second-rate civilians are as- 
signed to help plan and direct the mili- 
tary activities, the programs become 
less effective and therefore bigger ; and 
the need for men is further increased! 
This is the curious dilemma in which 
we find ourselves. 

Recognizing the existence of this 
paradoxical load and pressure upon the 
scientific resources of manpower of the 
universities and colleges, the Research 
and Development Board has set up a 
structure by means of which it is hoped 
that we can make the best possible use 
of the advice of busy but highly-quali- 
fied civilan experts, with the least pos- 
sible intrusion upon their regular pur- 
suits. 

The Board is organized as follows: 
by statute it consists of seven members, 
a chairman, appointed from civilian life 
by the President, and two representa- 
tives each from the Departments of the 
Army, Navy and Air Force. Just at 
the moment we are in the process of 
establishing the membership of the new 
Board, the old JRDB having gone out 
of existence by the same statute. 

This Board is as you may note a 
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military board. Its military members 
are high ranking officers who are com- 
manding Generals and Admirals in 
their own right. This gives much 
strength to the Board, for agreements 
reached can be implemented by direct 
action on the parts of the responsible 
officers. The Board is further strength- 
ened, however, by the proviso, under 
unification, that disagreements within 
the Board can be resolved decisively by 
the Defense Secretary. 

Obviously a board of men of such 
responsibilities, while ideal for making 
decisions, cannot take the time to be- 
come fully informed on all of the multi- 
tudinous R & D projects under their 
cognizance. This spade work is done 
by committees with both military and 
civilian representation in each impor- 
tant specialized field headed by a civil- 
ian chairman expert in this particular 
field. Each committee in turn can 
break down its work load for assign- 
ment to panels and sub-panels or to a 
full-time secretariat. 

The fields of reference of the vari- 
ous committees may interest you, since 
they reflect the breadth of subject mat- 
ter dealt with by the Board and sug- 
gest in an obvious manner the reality 
of the need for able scientist-adminis- 
trators, to which I shall refer later on 
in this talk. The committees are con- 
cerned with such subjects as: aero- 
nautics, atomic energy, geographical 
exploration, geophysical science, guided 
missiles, human resources, basic physi- 
cal sciences, electronics, and ordnance. 
Many of the committees have numbers 
of special panels which concentrate on 
particular phases of the total field of 
the committee. All of these agencies of 
the Board, committees and panels, com- 
prise a mixed civilian and service mem- 
bership, in varying numbers. 

This, then, is the organization of the 
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Board. It is a busy place, and I may 
say that one of my own initial impres- 
sions was that of the earnestness and 
sincerity as well as ability, enthusiasm 
and energy with which the staff, both 
military and civilian, was conducting 
its day-to-day tasks. Within the Board 
there was and is unification. All con- 
cerned seem to sense that the Board has 
a fighting chance of doing something 
really important and useful. 

Whether or not the Board succeeds 
depends to a very large extent upon the 
wisdom, as distinguished from the mere 
technical ability of the civilians attached 
to the Board. For these men must be 
able to earn the respect and confidence 
of their military colleagues. Commit- 
tees and boards are an old story to the 
military. If they are effective, the 
Services will use them. If not, the 
Committees will be handled with much 
graciousness and high honor, but will 
be circumvented in practical affairs. 

To be successful in our efforts we 
will need in addition to distinguished 
civilians serving on the Board and its 
Committees, as many men as possible 
of simliar calibre in operating agencies 
throughout the three Departments of 
the National Military Establishment. 
Few of our professional research men 
have had experience in large affairs. We 
need the services of “scientific states- 
men.” We need research scientists 


who, in addition to their scientific abil- 
ity, have the tact and administrative 
ability of university presidents. If we 
succeed in placing a relatively small 
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number of highly qualified people in 
key spots, it is our hope that a tight, 
effective, well-planned, and stable re- 
search program can gradually be 
evolved within the Military Establish- 
ment. 

This is a goal which is important to 
each of you as citizens, taxpayers, re- 
searchers, and educators. The Re- 
search and Development Board pro- 
vides a mechanism by means of which 
each of you, as civilian experts, can in- 
fluence the huge research program of 
the National Military Establishment, 
for the national good. The military 
are working with us, but at the same 
time, they are watching us—hopefully, 
and perhaps a little bit skeptically. I 
am sure they wish us well, howevere. 
There is general appreciation of the fact 
that they will profit much if, through 
the medium of the Board’s mechanism, 
a research program is evolved so 
soundly conceived that it will stand up 
under any cross-examination and will 
be immune to arbitrary budget cuts. 

Also there is remembrance of the 
cooperativeness of the civilian scientist 
and the military during the recent war. 
This is cause for much encouragement 
in this present confused transition pe- 
riod. It is our conviction that the Re- 
search and Development Board, draw- 
ing upon the cooperativeness and the 
wisdom of both civilian and military, 
will achieve its prescribed objectives as 
part of what the Congress has termed 
a comprehensive program for the fu- 
ture security of the United States. 








Machine Replacement and Depreciation Policy * 


By TELL BERNA 
General Manager, National Machine Tool Builders’ Association 


After many years in the machine tool 
industry, that most changeable of all 
industries, I know of only one flat sim- 
ple statement that can accurately be 
made about machine tools. Here is an 
industry that may fall from an output 
of $185 million in 1929 to an abysmal 
$22 million in 1932; that rises in the 
next ten years to a giddy peak of 
$1,320 million in 1942—sixty-six times 
as much. It is as quick to change in 
its designs—in my lifetime I have seen 
machines designed for mushet steel— 
high speed steel—and finally the car- 
bides; driven by the old steam engine 
through belts, then by direct current 
motors—then alternating current—now 
electronic drives. Here is an industry 
that is never content—never stands 
still. 

There are as many differences be- 
tween the companies in the industry as 
there are in the machines they make. 
Some are small, some large—they range 
from six employees to six thousand. 
Some of their machines are small, sim- 
ple, inexpensive machines for main- 
tenance work or the home workshop— 
some are huge in size and very complex 
in design. There are over 220 kinds 
of machine tools—and of each kind 
many sizes—and an almost unlimited 
number of modifications, accessories, 
and attachments. Here is a machine 

* Presented at meeting of A.S.E.E., Min- 


neapolis, Minnesota, Wednesday, June 18, 
1947, 


unchanged since 1935, here is one re- 
designed yesterday—and which will 
make all its predecessors obsolete. 

We can make just one simple, gen- 
eral statement about machine tools 
that is always true; there is only one 
reason for buying a machine tool, and 
that is to make money. Nobody ever 
bought one because he liked the color, 
or it had soft cushions. A machine 
tool is a device for increasing output 
per man-hour. 

It follows that wise management 
is constantly looking for better ma- 
chine tools to replace those now in 
the shop. Every metal working enter- 
prise should recognize the fact that 
new methods and new machines will be 
available and so conduct its affairs that 
the more profitable equipment will be 
purchased and installed and properly 
operated as soon as it is available. 

It follows too, that the machine tool 
salesman must sell, not alloy steel gears, 
anti-friction bearings, and semi-steel 
castings, but increased output, closet 
limits of accuracy, finer finish—in 
short, profit. 

While there is a growing tendency to 
recognize the inevitability of constant 
change in our field, there still art 
companies that have complex replace 
ment formulae, and there still are con 
panies who hide their works managet 
behind a forbidding purchasing agetl 
so that he may not be subjected to im 
proper advances. 
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The proper policy is to invite the 
sales engineers of the machine tool 
builder to submit studies on each oper- 
ation where an improvement may rea- 
sonably be expected, and buy those new 
machines which will, by increased pro- 
duction, pay for themselves in the 
shortest period of time. You cannot 
base the decision on merely the age of 
the machine now in the shop. But any 
machine that is over ten years old 
should be suspected, and its production 
should be checked against what is avail- 
able now with a new machine. 

There are two obstacles to the timely 
replacement of manufacturing equip- 
ment such as machine tools. One is 
the disposition on the part of manage- 
ment to regard depreciation policy as a 
detail of bookkeeping procedure. As a 
matter of fact it is an extremely impor- 
tant part of management policy and 
should not be relegated to the book- 
keeper. The second is that because of 
this attitude of management, and the 
attitude of the United States Treasury, 
the manager frequently finds that he 
has not yet fully recovered the capital 
originally invested in the machine he 
has now when the time comes to buy 
a new machine. The new machine 
therefore must show savings in opera- 
tion, not merely sufficient to justify its 
own cost, but to justify its own cost 
plus the amount at which the old ma- 
chine is still valued on the books of 
the operator. 

From long experience in selling ma- 
chine tools, I know that this is in 
fact a serious obstacle to the replace- 
ment of obsolete machines. The comp- 
troller or the auditor or bookkeeper 
says to top management, “But we 
can’t buy a new machine—we haven’t 
written off the old one yet.” What is 
the company trying to do—just keep 
the place running or show an earning? 
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It is true that Treasury policy is sup- 
posed to be flexible. A large concern 
with adequate staff, with competent 
certified public accountants on the one 
hand and an able law firm on the other, 
by appealing from the field representa- 
tive of the Treasury to the technical 
staff in his region, from the technical 
staff to the Treasury officials in Wash- 
ington, and if necessary to the United 
States Tax Court, can build a satisfac- 
tory depreciation policy. It is also true 
that the average metal working con- 
cern in the United States is relatively 
small, and cannot have recourse to these 
remedies. They all too often accept 
the ruling of the local technical staff 
and feel that they are obliged to follow 
it. 

In estimating the length of time over 
which the company should recover the 
money originally expended for ma- 
chinery, the Treasury refers to Bulletin 
F, which shows the “Average Useful 
Life in Years” of such machinery. It 
shows expected useful life for machine 
tools ranging from fifteen years up to 
twenty-five years, and the average is 
20.74 years. Treasury Officials will 
tell you that Bulletin F is suggestive 
and not restrictive. Actually their 
representatives in the field follow it 
quite literally and if the tax payer de- 
parts from the figures, the burden is 
on him. 

It is hardly necessary to point out 
that the value stated for the different 
types of machines in Bulletin F are 
fanciful in the extreme. They may be 
a faithful average of what industry has 
done in the past but they are completely 
misleading as to what industry should 
have done in the past and what they 
should be doing now. 

The Treasury is interested in col- 
lecting more taxes this year. For that 
reason it demands that the company 
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set its estimate of useful life on the 
machinery for as long a period as pos- 
sible, and if, after the company has 
completed its fiscal year and made its 
tax return, the Treasury refuses to ac- 
cept their depreciation figures, the 
burden of proof is thrown on the tax- 
payer, and he must prove his assump- 
tion of average useful life for his manu- 
facturing equipment. The natural con- 
sequence is that a company which has 
been remiss in the past, and which 
has tried to run its business with ob- 
solete machinery, and has actually kept 
its machinery too long, now faces the 
fact that it cannot reverse its policy 
and recover the capital invested in 
new machinery in a short period of 
time, so that its machine tools may be 
kept current and competitive. 

How can we estimate the average 
useful life of a machine tool? The 
Treasury tries to do it by distin- 
guishing between different types of 
machines, with somewhat amusing re- 
sults. For instance the vertical pro- 
filing machine, which is used for die- 
sinking, and does relatively light work, 
has an expected useful life of fifteen 
years, whereas the vertical milling ma- 
chine which does much heavier work 
is supposed to last twenty years. 

The fact of the matter is that the 
endurance of the machine tool is a 
poor yardstick, because you know and I 
know that the machine tools being built 
today, properly lubricated and with a 
little maintenance work now and then, 
can be made to run for a century. 

What we need as a guide is the 
profitable life of the machine and not 
the “Average Useful Life,” whatever 
that may be. In other words, let’s face 
the fact that obsolescence is the impor- 
tant factor in this depreciation proce- 
dure today, not the length of time we 
can keep the machine running. No 
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one can afford to be in competition to- 
day with a 1930 engine lathe. 
The subject does not lend itself to 


_ scientific analysis, because it begins 


with a broad assumption. That is, we 
are trying to guess on the day that we 
buy this new machine how long it will 
be before some restless machine tool 
builder devises a new process or a new 
machine which will render it obsolete, 
and therefore make it unprofitable for 
us to keep the old machine longer in 
the shop. 

The machine may also become ob- 
solete because of a change in the de 
sign or construction of the product be- 
ing made on it. When an automobile 
builder redesigns his engine, or goes 
from a 6 cylinder engine to an 8 cylin- 
der engine, his cylinder line and his 
cylinder head line become scrap, ex- 
cept for the manufacture of a relatively 
limited number of repair parts. 

Suppose, instead of looking at the 
amount of taxes the Treasury collects 
this year, we look at what is in the 
national interest. It is in the national 
interest to have our metalworking 
shops efficient. From increased output 
per man-hour, come higher wages, 
shorter hours, more goods for mort 
people at lower cost. The only way it 
which we can possibly improve the 
standard of living of our people is by 
increased output per man-hour. 

The Treasury should aid the tax 
payer to write off his productive equip- 
ment in a short period of time, not it 
sist on a long period of time. Instead 
of saying, “You must be sure that the 
machine is worn out and useless befort 
you shall have fully recovered the capi 
tal you originally invested in it,” the 
Treasury should say to the compaty, 
“You must be sure you have recovertl 
the capital invested in this machine lj 
the time a newer and better machine 








is ay 
less 


com, 


any 
whet 
off < 
twer 
riod 
then 
thro’ 
depr 
macl 
riod 
is er 
solet 
at st 
time 
place 
tools 


peric 
twee: 
is a 
solve 
invol 
less | 
is me 
in th 
this i 
ment 
their 
situa’ 


vario 
profit 
a gre 
to fa 
whicl 
of th 
perce 
cover 
few y 
years 
more 
is hay 


‘ition to- 


itself to 
t begins 
at is, we 
’ that we 
ig it will 
1ine tool 
or a new 
obsolete, 
itable for 
longer in 


come ob- 
1 the de- 
oduct be- 
1tomobile 
Or goes 
n 8 cylin- 
- and his 
crap, ex 
relatively 
Ss. 

ig at the 
‘y collects 
is in the 
e national 
alworking 
sed output 
or wages, 
for more 
ily way it 
prove the 
ople is by 
hour. 

| the tax 
tive equip- 
ne, not it- 
. Instead 
re that the 
less before 
d the capi 
in it,” the 
: compat, 
- recovertl 
nachine by 
2r machine 















is available, which will do this work in 
less time.” In other words, what I 
am cheerfully suggesting to you is a 
complete reversal of Treasury policy. 

In the long run, I doubt if it makes 
any difference in the taxes received 
whether we allow the company to write 
off a machine tool in five years or in 
twenty-five years. If the expected pe- 
riod of profitable life is set too short, 
then the company may use the machine 
through many years during which no 
depreciation can be charged off for that 
machine from its earnings. If the pe- 
riod is set too long, then the company 
is embarrassed to find that it has ob- 
solete equipment on hand still carried 
at substantial value on its books at a 
time when a machine should be re- 
placed with more modern machine 
tools. 

Management must set an expected 
period of profitable life somewhere be- 
tween these two, and I submit that this 
is a matter of judgment, not to be 
solved by applying a formula, nor by 
invoking the aid of the calculus, still 
less by referring to Bulletin F, which 
is merely a record of our past mistakes 
in this field. May I also point out that 
this is a decision for operating manage- 
ment—familiar with machine tools and 
their use, familiar with the competitive 
situation in its field. 

A great deal has been written about 
various methods of estimating the 
profitable life of a machine tool and 
a great many taxpayers are beginning 
to favor the declining balance method, 
which subtracts from the residual value 
of the machine year by year a given 
percentage of that sum so that the re- 
covery of capital is greater in the first 
few years of the machine than it is as 
years go on. This, it seems to me, 
more nearly approaches what probably 
is happening. In other words, the loss 
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of the value in an asset is probably 
more rapid in the first few years of its 
life than in the latter years of its life. 
However, in view of the fact that we 
begin with an extremely broad assump- 
tion it would seem that the attempt to 
carry out our ideas to the fourth deci- 
mal place are a mere waste of time. 

We have here the United States 
Government telling the metalworking 
shops of the United States that the 
average useful life of a machine tool 
is about twenty-one years. It ignores 
the fact that machine tool builders re- 
design their machines about every seven 
years. | 

Unfortunately, they do not all re- 
design them at the same time, so that 
there may be a new development next 
week, which will render obsolete all of 
the hobbing machines in the United 
States, whereas there may be no for- 
ward step in the design of engine lathes 
until next year or two years from now. 
We are all conscious of the fact that 
there was a tremendous advance in 
the productivity of American machine 
tools after the last depression due to 
the widespread use of carbide-tipped 
cutting tools. When those were made 
in satisfactory form and were found ap- 
plicable to.many shop processes the 
entire situation in the machine tool in- 
dustry changed and many machines had 
to be redesigned for higher feeds and 
higher speeds. That process of im- 
provement in redesign is, however, 
merely one chapter in the long contin- 
ued course of the industry. 

One factor that is quite often over- 
looked in this question of recovery of 
capital invested in machine tools is the 
fact that in a loss year the company 
actually does not recover its deprecia- 
tion. It appears on the books, to be 
sure, as an item of cost, but there is 
no profit from which this cost can be 
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deducted. The company, therefore, if 
it has estimated that an engine lathe 
will last twenty years, is likely during 


those twenty years to have four or five | 


loss years, during which actually no 
dollars are placed in the depreciation 
reserve that is available for the pur- 
chase of a new lathe. Instead of recov- 
ering the original cost of the machine 
we may only recover three-fourths of 
it, and when the time comes to replace 
the machine, even if prices have not 
gone up, we could not buy a new ma- 
chine to take its place. 

Another factor is that there is a 
steady upward trend in the productiv- 
ity and in the price of machine tools. 
The man who bought an engine lathe 
in 1927, and in defiance of the Treas- 
ury has by now recovered the capital 
originally invested in it, excepting only 
that depreciation charge against the 
machine which he could not recover in 
loss years, now finds that the money 
he originally spent for the engine lathe, 
and which is now partially recovered, 
would be wholly inadequate to buy a 
1947 engine lathe. To be sure, today’s 
engine lathe is more accurate, it is 
more convenient, it is safer, it will 
produce more, but the fact still remains 
that the sum he has recovered will 
not buy it. 

In other words, good management 
requires that the company not merely 
recover the capital originally invested 
in the machine tool, but that in addition 
thereto it set up a “new equipment 
reserve” out of its net earnings after 
taxes, which may be drawn on, when 
conditions are favorable, to replace its 
machine tools. In view of the history 


of the machine tool industry, the man 
who buys a machine tool today ought 
to try to recover the money he has 
invested in it in the next ten years. 
If at the end of that time it still has 
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substantial market value then the sum 
for which he sells the machine may go 
into his gross earnings where he puts 
the money he gets for the other things 
that he sells. The view of the Treas- 
ury that astute management can s0 
manipulate depreciation reserves as to 
set aside large sums in high tax years 
and set aside small sums in low tax 
or loss years is, I think, giving man- 
agement credit for a degree of fore- 
sight which is not humanly possible. 
After all we have no crystal globe, 
We do not know what will happen 
within the next twelve months, to say 
nothing of the next ten years. 

We must get away from the present 
policy which is, I think, due to a con- 
fused mixture of notions that better 
machine tools throw people out of 
work, that the purchase of a machine 
tool diverts the assets of a company in 
a way that does not profit wage 
earners, although after all a machine 
tool is nothing but man-hours in the 
form of cast-iron and steel and a com- 
pany that buys a machine tool is thereby 
giving employment to many men. 
Above all let us abandon this tendency 
to collect all the taxes possible this 
year, no matter what may happen in 
the future. 

Good management also requires that 
the capital recovered should be kept 
as a separate fund to be expended for 
replacement of machines, not for any- 
thing else. Otherwise, the company 
gradually becomes less efficient and 
eventually cannot meet competition 
The setting aside of an adequate equip- 
ment replacement reserve is still fur- 
ther handicapped by Treasury regula- 
tion 102. You may remember that 
some years ago Congress passed a law 
imposing a tax on undistributed eart- 
ings. That, I suppose, was based om 
the assumption that the money that is 
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set aside in the corporation surplus is 
in dollars in the vault of a bank, and 
that as soon as set aside it becomes 
sterile, and makes no contribution to 
the life of the community. In any case, 
Congress discovered its mistake and 
repealed the law, but that did not 
bother the Treasury, for the Treasury 
writes its own law. The Treasury still 
has regulation 102, which permits them 
to impose a tax of 35 per cent if they 
feel that an inadequate part of a com- 
pany’s earnings is distributed at the 
end of the year in the form of divi- 
dends. They may not make this de- 
cision until two or three years after 
the end of the fiscal year affected by it. 

When we protest that this is un- 
wise and that small American business 
has historically developed by plowing 
back its earnings into the business, the 
Treasury replies, “We do not apply 
section 102 indiscriminately—you are 
crying before you are hurt.” Never- 
theless, the presence of that club be- 
hind the door, the presence of Treasury 
Regulation 102 on the books, has a 
very distinct effect on management 
policies today, just as Bulletin F has 
an effect in distorting the judgment 
of management in this field. A great 
many companies that should be putting 
their earnings into better equipment 
and getting ready for stiffer competi- 
tion in a market that demands lower 
prices and higher quality are dissipat- 
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ing their assets in the form of divi- 
dends to their stockholders. 

It has been suggested that we write 
off capital equipment in 60 months, as 
we did during the war. But this is 
merely an arbitrary period of time as 
unreasonable as the figures in Bulletin 
F. Why 60 months? 

Above all, let us keep the matter as 
simple as we can. It is essentially a 
simple problem. Let us avoid any 
procedure requiring elaborate records, 
bulky reports, tedious computations or 
complex procedure. The small metal- 
working shop just cannot cope with 
these things. The small shop does not 
have assets of skill and knowledge in 
this field, it cannot afford to divert the 
energies of its management to a long 
drawn out dispute with the Treasury. 
The small shop is important because 
there are so many of them—because it 
is the seed of the large company of 
tomorrow. 

The Treasury may properly insist 
that a record be kept of each piece of 
capital equipment. It may properly 
insist that a reasonable policy be main- 
tained from year to year, and not per- 
mit a taxpayer to adopt a new policy 
to suit current conditions every time 
he closes his books. However, it must 


allow management to exercise judg- 
ment in this field, and it must stress 
the importance of modernization as a 
basis of depreciation policy instead of 
fighting for high tax receipts now at 
the cost of weakening the economy. 











Better Direction of Thesis Research* 


By L. E. GRINTER 
Research Professor of Civil Engineering and Mechanics, Illinois Institute of Technology 


A favorite subject for criticism by 
Robert Hutchins, Chancellor of the 
University of Chicago, and by other 
critics of educational methods has been 
graduate theses on subjects such as 
“Dishpan Hands” or “Child Adjust- 
ment to the Kiddie Car.” In engi- 
neering, the topics on which theses are 
written do not sound so trivial, but 
in honesty we must admit that we have 
produced our full share of theses on 
subjects no more scientific than the 
time and motion study of kitchen 
techniques. 

For example, library archives will 
show many theses recording strengths 
of some class of materials with one 
per cent admixture of everything from 
talcum powder to sanitary sludge. 
When tests are carried on in a routine 
manner the graduate student learns 
only a little more from making and 
testing two or three hundred samples 
than from making and testing two or 
three. Yet a few hundred tests may 
be made to fill the tables appropriate 
to a master’s thesis while two or three 
will meet only the requirement of a 
single weekly report in a sophomore 
laboratory course. Clearly the thesis 
then cannot be in the making and test- 
ing of specimens or in the recording 
and tabulating of results, but it must 
be in the planning of appropriate tests, 


* Presented at the Graduate Division of 
the A.S.E.E. in Minneapolis, June 18, 1947. 


548 


the analysis of the test data and the 
drawing of conclusions. When we find 
little attention to the analysis of results 
and the drawing of conclusions in an 
experimental thesis we are justified in 
questioning whether it may not be a 
trivial investigation. 

In the theoretical field a thesis may 
be quite as stilted as the most routine 
experimental study. There is a field of 
investigation that consists of analyzing 
many special cases of a general prob- 
lem. The resulting tables or graphs 
are impressive and sometimes useful, 
but the student may have learned little 
more than he would have found from 
the analysis of one special case. In the 
ultimate, we even find the situation 
where one student analyzes the first 
dozen special cases, another the second 
dozen, and so on until the professor 
finally collects these data for publica- 
tion. No matter how useful the final 
result, we must wonder whether the 
individual students received an ade 
quate stimulation toward independent 
investigation. 

Now these theses which some have 
classified as “kitchen technique” in- 
vestigations are sometimes the contti- 
bution of uninspired faculty members 
in even the most generously endowed 
institutions where teaching loads per- 
mit adequate time for faculty research. 
Probably nothing can be done to im- 
prove such peculiar situations except 
to move the individual who lacks quali- 
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ties of inspiration out of the field of 
thesis direction. But I prefer to believe 
that a lack of time for the supervision 
of thesis investigations is mainly re- 
sponsible for uninspired direction. 
When a teacher who is assigned 14 to 
18 clock hours of teaching is faced 
with the additional problem of directing 
thesis research, inspired results on the 
average are not to be expected. 

It is surprising how deeply ingrained 
is the unexpressed feeling that thesis 
direction is not a serious matter that 
requires a measurable amount of time. 
When considering the investigator it is 
natural to assume that thesis direction 
is merely a part of the general problem 
of supervision of research, while in 
considering the teacher it is convenient 
to accept the belief that thesis direction 
takes the place of individual study that 
any progressive teacher should carry 
on. The fact that there is a grain of 
truth in both of these assumptions 
makes it all the more difficult to place 
the direction of thesis research on the 
logical basis of its equivalent instruc- 
tional load. There is also involved the 
professional attitude of the mature 
teacher who accepts a graduate student 
or assistant as a colleague to whom the 
door is never closed irrespective of the 
registrar’s procedures. 

At one time, as has been mentioned 
in earlier reports on engineering gradu- 
ate study, there was an administrative 
viewpoint in many institutions that the 
teaching of graduate courses and thesis 
direction need not be counted as a part 
of instructional loads. This attitude is 
disappearing, or perhaps has dis- 
appeared, but no measuring stick has 
yet been applied to the problem of the 
proper time that needs to be given to 
the direction of a master’s or doctor’s 
thesis. On the average I believe that 
the time allotted by the institution to 
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thesis direction will be given to this 
purpose. If the institution makes no 
allotment of time, it deserves no better 
than poor results. A proper allowance 
of time for thesis direction and an 
administrative mechanism for deter- 
mining which members of the faculty 
shall be permitted and encouraged to 
direct thesis studies would result in far 
better direction of thesis research. 

It is is well to recognize that there 
are other influences beside unimagina- 
tive administration which may hold 
back proper recognition of the impor- 
tance and the time consumed by good 
thesis direction. In my own institution 
a faculty committee responsible for the 
general study of instructional loads 
recently recommended that one-half 
hour per week of an overall teaching 
load of 17 contact hours be allowed for 
the direction of a master’s or doctor’s 
thesis. This report therefore blithely 
assumes that a teacher should direct 34 
graduate students in thesis research if 
his entire time could be given to such 
work. Actually it seems doubtful that 
a research professor could direct more 
than eight or ten students and give 
each project and each student a reason- 
able amount of attention. Therefore, a 
teaching load allowance of one credit 
hour per semester for each master’s 
thesis and two credit hours for a doc- 
torate thesis appears to be the respec- 
table minimum. Our strongest gradu- 
ate institutions wisely provide greater 
time allowance for thesis direction. 

Clearly then, some teachers consider 
thesis direction as a one way road. 
The student is supposed to do the work 
and the thinking with an occasional 
conference with his advisor. It has 
long been my advice to students not to 
undertake a thesis on that basis. In- 
stead, I suggest that a student and a 
teacher who have similar scientific in- 
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terests join together as a working team 
to study a problem of value to both. 
Under such conditions there is an enor- 
mous improvement in efficiency not 
only in results achieved but in mental 
growth of the student. The philosophy 
that a student should be insulated from 
helpful direction and discussion and 
asked to work out his problem in an 
unnaturally immaculate environment is 
obsolescent. As has been well stated, 
thesis problems in engineering are not 
likely to yield to prayer and fasting 
although devotion of a high order is 
required. 

Aside then from overall enhancement 
of the research capacity of the faculty 
there seem to be two practical devices 
which an institution can adopt to im- 
prove thesis direction. First it is de- 
sirable to designate in some manner 
that part of the faculty upon whom the 
responsibility for thesis direction is to 
rest. Men are so constituted that they 
take seriously assigned jobs carrying 
adequate recognition but they neglect 
unrecognized or casual chores. And 
secondly, the time has clearly passed 
when thesis direction can be given a 
small value or no value on the teaching 
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load assignment. A minimum teaching 
allowance of a semester hour (credit 
hour) for each master’s thesis and two 
semester hours for each doctor’s thesis 


. during each semester of active direction 


is required for institutional respectabil- 
ity. Those institutions that expect to 
produce a distinguished line of gradu- 


ates with advanced degrees will plan " 


to allow twice the minimum semester 
hours suggested. The thesis study is 
the opportunity for greatest growth 
and development of the post-graduate 
student, but only under stimulating, 
time-consuming direction. 

Under the pressure of inflated gradu- 
ate student enrollments some institu- 
tions are considering the elimination 
of the required thesis for the master’s 
degree in engineering. This is contrary 
to the opinion of the Committee on 
Graduate Study of the A.S.E.E. as 
reported in “A Manual of Graduate 
Study in Engineering,” The Journal of 
Engineering Education, June 1945, 
Better directions of thesis research may 
require some restriction upon enroll- 
ments, but it should not be met by 
confining the thesis experience to can- 
didates for the doctorate. 
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Industry's Requirements for Engineering Graduates 
in Research 


By A. E. BUCHANAN 
E. I. DuPont de Nemours Co. 


Twenty years ago I participated in 
a symposium in which representatives 
of industry were invited to tell the 
Universities what kind of education in- 
dustry would like its young engineering 
recruits to have. There was remark- 
able unanimity in the response from 
widely scattered industrial fronts: A 
more thorough grounding in the fun- 
damentals, particularly mathematics and 
physics; less emphasis on specialized 
technical fields and greater facility in 
self-expression, oral and written. 

In the past twenty days, in prepara- 
tion for these remarks, I have solicited 
and received, from a number of my 
associates in the du Pont Company, the 
opinions of engineering supervisors as 
to what kind of training they wish their 
young engineers could have had and 
the opinions of young engineers as to 
how their universities might have better 
prepared them for their present jobs. 
Again, there is remarkable unanimity ; 
both wish for more thorough grounding 
in the fundamentals, particularly math- 
ematics and physics, less emphasis on 
specialized technical fields and greater 
facility in self expression, oral and 
written. 

In the intervening decades, scores of 
papers have been read and published 
urging the merits of a more thorough 
grounding in the fundamentals, particu- 
larly mathematics and physics, less em- 
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phasis on specialized technical fields 
and greater facility in self-expression, 
oral and written. 

If this talk begins to sound like a 
phonograph with the needle stuck in 
a single groove, you have a fair idea of 
my own state of mind as I started to 
prepare this paper. The first impulse 
was to put on the same record and 
play it again. But second thought 
moved me to wonder why the “pro- 
ducers” of engineering graduates ap- 
pear to be somewhat insensitive to the 
prompting of their “customers.” Per- 
haps the educators are convinced that 
the customer isn’t right in this case and 
that industry wouldn’t really be satis- 
fied with graduates whose training had 
been concentrated on the fundamentals. 
Perhaps industry’s specifications for 
the ideally-prepared engineering gradu- 
ate call for such a breed of superman 
that the problem is one of eugenics 
rather than of education. Perhaps the 
students, in their eagerness to learn 
something “practical,” are unwilling to 
devote more of their time to abstract 
science at the expense of courses in 
which they think they recognize bread- 
and-butter application. More likely, 
perhaps, the educators are keenly aware 
of the tremendously varied lines of 
specialization into which industry has 
subdivided its engineers and are trying 
their best to give their students at least 
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a smattering of these specialties in order 
to help them orient themselves more 
comfortably to the unpredictable roles 


to which they may be fortuitously as- 


signed. 

Now lest these speculations convey 
an erroneous impression, let me hasten 
to assure you that no reasonable in- 
dustrialist is going to try to tell the 
educators how to do their jobs. To at- 
tempt to do so would not only be pre- 
sumptuous but would violate one of 
the cardinal principles of good manage- 
ment which teaches us that the way to 
get results and develop good men is 
not to tell the other fellow how to do 
his job, but rather to make sure that he 
understands what the job is and then 
give him all possible support in working 
it out in his own way. Accordingly, I 
am going to try to tell you what we 
think the job is and then offer you all 
possible support in working it out in 
your own way. 

Let us just pretend for a moment 
that at this meeting the du Pont Com- 
pany was making its first public an- 
nouncement of a new synthetic fiber or 
a new and revolutionary plastic. You 
would all be keenly interested and per- 
haps a little bit impressed. We are not 
announcing any new product today but 
I submit that we might very well in- 
voke the same kind of interest in the 
fact that we are devoting this entire 
session to a discovery that industry as 
a whole is just making; the discovery 
that we need in our businesses a new 
kind of engineer, one with a distinct 
professional stature, one which we think 
the Universities have not previously 
or generally produced for us—the re- 
search engineer. I hope to send you 
educators away today with a conviction 
that your customers are calling on you 
for a new product and that there is an 
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attractive market for this product if 
you can build the proper quality into 
it. Like the famous “coal, air and 
water” of nylon, the elements of our 
new discovery have been with us for 
a long time and all we had to do was 
to put them together in such a way as 
to recognize something new. Now that 


we have recognized it, let us try to de- ; 


fine it. One of my associates has sug- 
gested the following, which I like : “The 
research engineer is a process scientist 
whose field of specialization is engineer- 
ing. In this concept, the research engi- 


neer takes his place beside the re ° 


search physicist, the research chemist 
and other research specialists in their 
efforts to define and solve industrial 
problems. This is a concept not gen- 
erally recognized by engineers, nor, 
I suspect, by engineering educators; it 
is not sufficiently recognized in prin- 
ciple by research organizations. Asa 
result, men with this valuable view- 
point are few and those who can adapt 
themselves to it do so by virtue of their 
inclination rather than their training.” 

Let me try to make clear what we, in 
industry, want this new breed of engi- 
neer to do for us: 


We want him to recognize and ap 
preciate that the future health of our 
business depends on the technological 
advance that stems from research. 

We want him to realize that the re 
search approach is just as productive in 
engineering as it is in chemistry or in 
physics. . 

We want him to be able to recognize 
and analyze an industrial problem; to 
be able to think out a problem and the 
possible alternate methods of attacking 
it; to carry in his kit of tools not only 
a pipe-wrench but the basic technical 
skills of the scientist, in order that he 
may be able to go all the way back in 
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the process and re-vamp it to fit an im- 
proved engineering embodiment. 

We want him to be as much at home 
among the molecules as he is among 
the machine tools. : 

We want him to be able to keep his 
problem clearly defined as he goes 
along so that it does not get out of 
step with its constantly fluid com- 
mercial background. 

We want him to understand that it 
is he, himself, who originates the re- 
search program—that he is not ful- 
filling his function if he expects some- 
one else, say a research chemist, to 
hand him the specifications for a process 
which he can then convert into a com- 
mercial unit. 

We want him to pose engineering ob- 
jectives to research scientists in other 
fields, thus challenging them to steer 
their developments so that they fit 
readily into a preferred embodiment. 

We want him never to refer to re- 
search people as “they” but always as 
“we,” 

We want him to be an ardent dis- 
ciple of the doctrine of the unity of 
science, to recognize, for instance, that 
the key to a problem in physical chem- 
istry may be found in a concept of 
elementary mechanics. 

We want him to have a highly de- 
veloped curiosity and an avid interest 
in new ideas, no matter how unortho- 
dox; we want him to have “hunches” 
and to do something about them. 

We want him not only to initiate re- 
search programs but to be able to con- 
vince the rest of us that his proposals 
are worthy, both by the spoken and 
the written word; we hope he will be 
able to tell us clearly and convincingly 
what he has done and what he intends 
to do next. 

We want him to recognize very 
clearly that industrial research is a 
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cooperative effort; that the other fel- 
low’s ideas are often more important 
than his own; that the lowliest oper- 
ator may be able to give him the clue 
to the solution of a baffling problem. 

We want him to have a deeply en- 
graved consciousness that production 
is for people ; that factories are built by 
people and operated by people; that 
products and processes are “improved” 
only when they yield greater benefits to 
people. 

We want him to have some facility 
in putting together experimental equip- 
ment with his own hands and some re- 
sourcefulness in making things “work” 
even if he doesn’t have quite the right 
pieces. 

We want him to know that an active 
research program means constant 
change—new problems, new facilities, 
new locations, new associates, new 
managements ; a live research program 
and a live research organization are 
fluid in character and he must like this 
fluidity and flourish in it, for he can 
never look forward to a routine profes- 
sional life or a static state of mind. 

We might continue listing abilities 
and attitudes that we should like to 
have in the men who come to us from 
the Universities as research engineers. 
Perhaps it sounds as though we are 
asking for paragons who don’t exist; 
I don’t believe we are because we have 
a good many men who pretty well 
meet these specifications. But with few 
exceptions they have converted them- 
selves from mechanical, or chemical, 
or electrical, or metallurgical engineers 
into research engineers, motivated by 
their natural inclinations rather than 
by their academic training. 

Having tried to tell you what we 
think is involved in the job of making 
research engineers, and still restraining 
myself from trying to tell you how to 
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do it, I shall now try to make good on 
our offer to give you all the help we 
can. To this end, it seemed to me that 
it might be helpful if I passed on to 
you not just my own ideas but the 
ideas of some of the men in our organi- 
zation whom we regard as successful 
research engineers. Accordingly, I 
asked a number of our engineering- 
research supervisors to tell us what they 
look for in candidates for employment ; 
in addition, I asked a representative 
group of young research engineers what 
things seemed lacking in their univer- 
sity training as they look back on it 
from the vantage point of their pres- 
ent jobs. Let me give you a résumé 
of these ideas, at the same time thank- 
ing my many generous associates for 
supplying the substance to this paper. 

Almost without exception, the su- 
pervisors placed at the top of their 
specifications: “thorough grounding in 
the fundamental sciences.” Most of 
the recent graduates, they say, have 
devoted too much time to specializa- 
tion, not enough to the fundamentals. 
Says one of our directors of engineering 
research : 


“T am more and more convinced that 
engineering education should stress the 
fundamental sciences: chemistry, physics, 
and mathematics, and the hard core of 
professional engineering work such as is 
embodied in Walker, Lewis, McAdams 
and Gilliland. The only place for courses 
such as Applied Colloid Chemistry, Fur- 
naces and Combustion, and Petroleum 
Technology, is to supply a frame of ref- 
erence that will enable the student to build 
a better and stronger technical structure 
out of the material in the fundamental 
courses. To be sure, without some small 
number of the sort of applied courses that 
I have mentioned, the student is likely 
not to be able to put due emphasis on the 
various parts of his more basic subjects 
of study. On the other hand, once this 
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minimum has been absorbed, he can quite 
profitably decide to acquire his applied 
science in his every-day life, in jobs taken 
during his vacations, and in industry after 
he has left the university. Those subjects 
like mathematics, thermodynamics and 
physical chemistry, which are especially 
difficult for the student to acquire on his 
own, should be emphasized in the college 
courses, since the probability that he will 
be willing and able to give them the 
necessary concentrated and continuous 
study after he gets out of school is very 
slight. The importance of this kind of 
emphasis in technical training was 
brought out during the war, when the 
perforniance of theoretical and experi- 
mental physicists in various fields of en- 
gineering was outstanding. They de. 
veloped the practical background with 
extraordinary rapidity, and their methods 
of attack on new problems were obviously 
more powerful than those of convention- 
ally trained engineers.” 


Another engineering research director 
says: 


“Most young engineers seem to be 
fairly well grounded in the fundamentals 
but are weak in the application of them. 
For what is considered ‘catalog’ engineer- 
ing this may not be too important, but for 
research engineering a thorough appre- 
ciation of the application of fundamentals 
is essential. The young engineer does not 
seem to make enough use of Kipling’s six 
honest serving men, ‘What’ and ‘Why’ 
and ‘When’ and ‘How’ and ‘Where’ and 
‘Who.’ ” 


Still another writes: 


“T believe fundamentals and their appli- 
cation to every-day processes should be 
stressed more, and less stress should be 
placed on the more advanced application. 
For example, most engineers can write 
the first and second laws of thermody- 
namics backwards and forwards and can 
integrate and differentiate the most com- 
plicated equations but not one in. ten can 
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apply this learning to tell you whether 
hydrogen emitting from a cylinder stored 
in a room will be warmer or colder than 
room temperature.” 


These quotations are representative 
of the chorus of endorsement for the 
fundamental sciences and their appli- 
cation to the solution of problems as 
the prime need of the research engi- 
neer. 

Almost as universal is the demand 
from the supervisors for facility in 
self-expression. “By all means, teach 
a man to write good reports,” says one 
director. Another reinforces the argu- 
ment in these words: 


“The ability to speak and write clearly 
and concisely is poorly developed in most 
young engineers just out of college. I 
recognize that since the end result I see 
and hear is poor, I blame self-expression 
as the failure whereas the underlying 
fault actually may be ‘fuzzy thinking.’ 
Sometimes this is true; however, in the 
majority of the cases that I have looked 
into, the thought processes were well car- 
ried out but the major breakdown came in 
the reporting.” 


Again, these are but representative 
expressions of a very general yearning. 
Let me quote some scattered observa- 
tions which, while not quite so unani- 
mously stated, seem to be generally ac- 
cepted : 


“The young research engineer needs a 
high degree of mental curiosity. He 
needs to know the importance of making 
accurate observations and to take cog- 
nizance of minor unusual manifestations, 
since they often open the door to new 
leads.” 

“There is considerable advantage to a 
5-year course rather than 4 in order to 
broaden fundamental background and 
permit actual problems outside written 
instructions to be incorporated into train- 


*ing. 


“Part-time work in the engineering 
field either in outside summer employment 
or in school-controlled enterprises or re- 
search projects should be encouraged. 
Such work need not be along the specific 
line of major interest—for example, ma- 
chine shop experience is valuable what- 
ever may be the final field entered by the 
individual. In fact, increased emphasis 
on mechanical training—ability to con- 
struct apparatus, etc.—is helpful in any 
research activity.” 


Here is a quotation that expresses a 
yearning that every research director 
has experienced : 


“Probably the hardest job our men 
have is to find out just what is wanted on 
a given assignment and to keep the prob- 
lem defined as it goes along so that it does 
not get out of step with the business end 
of the picture. This may be a surprise to 
many educators but it is certainly con- 
spicuous in our day-by-day activity. I 
suppose it really means that we are look- 
ing for the kind of men who can (in 
time) do the research director’s kind of 
thinking as well as actually carrying out 
the research; the kind of men who are 
able to see the right directions and 
changes in direction ahead of time, and 
adjust activities accordingly. This calls 
for men with a lot of initiative and an 
ability to recognize the framework within 
which research must be carried out. I 
have the feeling that most young engi- 
neers get very little school practice in this 
kind of thing. In general, they are turned 
out believing that someone will tell them 
what to do. They probably feel com- 
petent to perform experiments and inter- 
pret them but it takes too long for us to 
bring them from there to the point where 
they are originating research programs.” 


Let us turn now and listen fo the 
young research engineers as they tell 
us where their university training was 
lacking. One plaint is nearly uni- 


_ versal and without quoting, here is the 


gist of it: Nobody ever told us the 
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facts of life about industrial research. 
If our professors were aware of the 
philosophy and methods of industrial 
research, they certainly “held out on 
us.” 
vague idea that research is a sort of 
32nd degree ritual, reserved for the 
high-priests of academic science, and 
too lofty a matter to be sullied by 
mercenary considerations of commer- 
cial application. Then suddenly we 
found ourselves in an environment 
where everyone regards research sim- 
ply as a means of supplying “better 
things for better living,” where it is 
not only respectable and ethical to 
face frankly such mundane matters as 
cost studies, market evaluations and 
return on investment, but where doing 
so is an absolute necessity for progress 
and, ultimately, survival. We were be- 
wildered. We were surrounded by 
equipment that we didn’t even recog- 
nize and it took us months to discover 
that these were our research tools. 
All around us were people, busy with 
machinery, drafting instruments, ma- 
chine tools, calculating machines; we 
wondered vaguely why they were doing 
these things, and it took us years, some- 
times, to discover that these were the 
sources of the facts and figures and the 
apparatus that we need for our re- 
search, the specialists who could give 
us the help we needed to define and 
evaluate our programs. We were so 
used to having someone in authority 
assign us a problem in the text-book 
that it took us a long time—much too 
long—to realize that here we were ex- 
pected to recognize a problem “in the 
flesh,” to size it up for ourselves and 
to solve it if we could. Gosh, we were 
green! We wish that somehow the 
boys who are coming along behind us 
in the universities could learn the an- 
swers to questions like these: 


We came to industry with the 
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Why is industrial research necessary} 

What becomes of industries that 
don’t carry on research? 

How does one recognize a research 
problem? 
What are the products of research? 
What is the difference between fun- 
damental and applied research? 
What is the relation of research to 
production and to sales? 

When should the Edisonian method 
of cut-and-try be used on a te 
search problem and when the Stein- 
metz technique, of synthesis-from 
absolute knowledge? 

When does persistence and optimism 
cease to be a virtue in research? 

Etc., Etc. 


Several of our men point out that 
certain native characteristics are re 
quired for a successful career in engi- 
neering research, that these qualities 
can be readily recognized in the uni- 
versities and that engineering educators 
might very properly undertake a screen- 
ing operation to steer men who have 
“what it takes” into this field and to 
steer the others in other directions. 
Among the “essential ingredients,” they 
mention: intelligence, practical judg- 
ment, energy and willingness to work, 
ability to get along with others, per- 
severance and optimism, constructive 
discontent, a speculative, intuitive and 
imaginative nature which makes him 
willing to “stick his neck out,” a fond- 
ness for learning new things so that he 
will continue his study and education 
through his professional life. 

I was pleased to read what one of 
our promising young research engineers 
had to say about the “inescapable com- 
promises” that are the inevitable lot of 
any industrial research man—pleased 
because, like him, I have observed that 
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the average university graduate is usu- 
ally totally unprepared to accept these 
compromises, much less to propose 
them. They are the compromises that 
are necessary, not with principles or 
professional integrity, but with restric- 
tions of materials, with business con- 
servatism, with cost considerations, 
with patent complications, with safety 
requirements, with competitive develop- 
ments, with time schedules, with oper- 
ating demands—in short, all the com- 
promises with the ideal that often must 
be made in the struggle to reduce a 
scientific fact to a practical application. 

Perhaps you will have observed that 
your recent graduates talk mostly about 
attitudes and philosophies rather than 
curricula and techniques. Perhaps this 
will suggest to you as it does to us 
that these men are looking wistfully at 
the type of training that the graduate 
student receives, in which he selects a 
research problem and applies to it the 
knowledge he has gained and the rea- 
soning power and originality he is 
trying to develop; in which, also, he 
must consult the authorities for guid- 
ance and information, and in which he 
must consider not only the scientific 
techniques but the broad background 
of economic and social significance of 
his work. In further implementation 
of our offer to assist you in the job we 
are commending to your expert con- 
sideration, I think it is safe to say that 
industry would welcome post-gradu- 





vise advanced training especially ap- 
propriate for research engineers. I am 
sure that we would encourage our good 
4-year men to return to the university 
for this type of advanced education. 
If you would like to expose your stu- 
dents to a first-hand exposition of the 
mature and philosophy of industrial 
research, I feel sure that industry would 
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be very willing to send you, as lecturers, 
some of the men who have learned it 
the hard way. 

At the beginning of this paper, I 
told you that I hoped to send you away 
with a conviction that your customers 
are calling on you educators for a new 
product. Now, at the end of it, I sus- 
pect that a chemical engineering pro- 
fessor is saying to himself: “This fel- 
low hasn’t said anything new—he’s just 
advocating bigger and better chemical 
engineers!” And a professor of phys- 
ics is probably thinking: “All this fel- 
low is saying is that the world needs 
more physicists !” 

All right, gentlemen, we can’t argue 
with the experts; we simply lay a prop- 
osition before you. All we industrialists 
know is that we need the kind of men 
that I’ve been trying to describe. We 
need them now and we believe that we 
will continue to need them in the fu- 
ture. In the face of rising costs and in- 
tensified competition, it becomes in- 
creasingly difficult to pass the benefits 
of technological progress on to the 
consumer by simply speeding up the 
machine; we must go boldly back in 
the process and revamp it in such a 
way as to eliminate the machine en- 
tirely. Unpleasant working conditions 
and laborious physical exertion on the 
job must be ameliorated in the interest 
of good industrial relations and in sim- 
ple recognition of the fact that many of 
our most valued employes are not as 
young as they used to be. 20 years ago 
the du Pont Company had about 15,000 
employes ; approximately 3,500 of them 
are still with us. We cannot expect 
old Joe to clamber once an hour to 
the top of an absorber tower as he 
did when he was 25; nor can we af- 
ford to install an escalator to take him 
aloft; but the research engineer can 
and does improve the process so that 
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Joe’s trip is no longer necessary—he 
now controls the operation from an 
instrument panel. So we have no mis- 
givings about encouraging you, as edu- 
cators, to send us research engineers. 
There is a busy future for them in our 
business. Indeed, there will be a dim 
future for our business if we don’t have 
them. They will be appreciated and 
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they will have the satisfactions thy 
come from worth-while accomplish. 
ment. I must confess that we shall 
probably degrade the best of them inty 
research directors and industrial execu. 
tives, but, fortunately, this degradation 
process is very gradual and, conse 











quently, not particularly painful. They 


won’t mind it much. 
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Why Neglect Sales Engineering? * 


By H. RUSSELL BEATTY 
Head, Department of Administrative Engineering, Pratt Institute 


Much has been written, and even 
more said, about the inefficiencies 
found in our present system of distri- 
bution. Numerous engineering leaders 
have contributed to the thinking on 
this subject through articles which 
have appeared in Mechanical Engi- 
weering’** during the past three 
years. These men have been challeng- 
ing the engineer to apply his special 
talents to the problems of this field so 
that greater economies in distribution 
will result. It is an established fact 
that the cost of distributing goods is 
often greater than that of producing 
them. A reliable authority states that 
“distribution now requires the well- 
known fifty-nine cents (59¢) of the 
consumer’s dollar.” 

Despite this knowledge, top manage- 
ment generally approaches a cost re- 
duction program for any product from 
the standpoint of design and produc- 
tion rather than from that of distri- 


* Presented at the Industrial Engineering 
Division Meeting at the Annual Meeting, 
Minneapolis, June 18, 1947. 

1Turck, Fenton B., and Hill, William E., 
“Scientific Methods of Distribution.” Me- 
chanical Engineering, LXVI (March, 1944), 
pp. 183-191. 

*Gates, Robert M., “Engineers of Tomor- 
tow.” Mechanical Engineering, LXVII 
(January, 1945), pp. 5-8, 69. 

* Turck, Fenton B., Patterson, Morehead, 
and Dunn, Gano, “Engineer’s Role in Distri- 
bution” and “Comment on the Engineer’s 
Next Job in Industry.” Mechanical Engi- 
neering, LXVII (April, 1945), pp. 244-246. 
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bution. This point of view results 
from the fact that we, as engineers, 
have developed methods of measure- 
ment with which to solve the problems 
related to design and production which 
are far superior to those used in solv- 
ing the problems of distribution. We 
have neglected to train engineers with 
the desire and the ability to do this 
work. We have failed to teach the 
engineering student those principles of 
industrial marketing and sales engi- 
neering that are already known. 

We, in the engineering colleges, de- 
vote little if any time to a study of 
the problems of distribution. Why? 
Is it because we do not realize the 
need that exists for such work? At 
the turn of the twentieth century, such 
engineers as Taylor, Gantt, and Emer- 
son applied the engineering technique 
of the scientific method to the problems 
of production and industrial manage- 
ment with excellent results. Scientific 
management has resulted in efficiencies 
in production that have raised our 
standard of living to a new high. It 
enabled us to perform the production 
miracles which contributed so much 
to our war effort and is contributing 
so much to our peace-time economic 
recovery. 

Our distribution methods have not 
improved in like manner, mainly be- 
cause we have not applied these same 
techniques as rigorously to the solution 
of the problems encountered. We have 
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not carried on an education and re- 
search program designed to train men 
in an objective approach to the prob- 
lems. The articles in Mechanical En- 
gineering to which reference has been 
made show that the need for this 
training has been recognized by others. 

The engineering colleges have not 
responded to the challenge. They are 
offering little, if any, encouragement 
to such research, and are doing little 
to develop those with ability to engage 
in it. This condition must be cor- 
rected. 

Recently, Mr. Tell Berna, General 
Manager of the National Machine Tool 
Builders Association, wrote to Mr. 
Bernard Lester, Assistant Industrial 
Sales Manager, Headquarters, West- 
inghouse Electric Corporation, request- 
ing information with regard to engi- 
neering colleges which were doing 
work in this field. I would like to 
quote from Mr. Lester’s reply to Mr. 
Berna. 


“The schools have shied at the whole 
subject (Sales Engineering). This is 
even true in connection with applied eco- 
nomics for engineers. Their curriculum 
is crowded, they don’t recognize the op- 
portunity, and they too shy at the word 
salesmanship. Where the desire exists 
on the part of the administration of the 
technical schools, there has been trouble 
in getting suitable instructors because 
such instruction is based not only on 
theory, but on practice by means of the 
case or example principle.” 


What is Sales Engineering? Sales 
Engineering has been defined as the 
art of selling machinery, equipment, 
and services which require engineering 
skill in their selection, application, and 
use. Industrial marketing is the broad 
field of the distribution of machinery, 
equipment, and services from the pro- 
ducers to the industrial users, and sales 
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engineering is one element in this disf Resea 
tribution process. A knowledge gf Const 


engineering economics is fundameng Top 

to work in this field. Consumer mar§ oomm 
keting, which is the course generally includ 
taught in the colleges of Business Ad Seryic 
ministration as Marketing, is the dis§ proyj 
tribution of consumption goods fromp consid 


the producers to the ultimate con work 
sumers. It includes merchandising off result: 
the selling of consumer goods such af were ; 
food, clothing, household furnishing$ were | 
and the like. Such buying may k ployed 
motivated by emotional appeals, butf Of th 
rarely is this true of the purchasing q gaged 
machinery and equipment. per ce 

An examination of the catalogs df cial w. 


148 engineering colleges in the United cent. 
States indicates that only 18 collegs§ manag 
offer courses in Sales Engineering of to hav 


Industrial Marketing. In only 9 of mercis 
these schools are such courses require per ce 
in any of the engineering curricukf that ¢ 
Seven of the 18 give courses in Sabf neerin 
Engineering and 15 of the 18 in It} targe | 
dustrial Marketing. There are venfis one 
few engineering professors engaged it} the en 
this work. It seems reasonable tht] Info 
industry would be willing to endowéferal in 
chair in one or more engineering afin an ; 
leges if the colleges would approatftion o 
them with a plan for research in t§ sonnel 
problems of scientific distribution. work. 

Have we neglected the field of salgfA We 
engineering because we do not realit§that ir 
the large proportion of our gradualt§cent. o 
who find their life work therein? @trained 
so, the facts disclosed in the study &§ comme 
scribed and summarized below showl§ Manag 
correct this erroneous impression. § Machir 

This study was conducted to dete about 
mine the proportion of the engineetil§in com 
alumni of Pratt Institute who are dent ir 
gaged in commercial work. A quebustion 
tionnaire was prepared and mailed 20 per 
5,417 alumni. In this questionnail§enginee 
Engineering was classified as follow§service 





































in this disf Research, Design, Operation including 
iowledge gf Construction, Production, Commercial, 
fundamentlf Top Management and Other. The 
isumer marf commercial field was defined as that 
se generalyg including Sales, Marketing Research, 
usiness Ad# Service and Application Engineering. 
, is the dis§ Provision was made for others who 
goods from§ consider themselves in commercial 
timate con! work to so indicate. The following 
landising off results were obtained. 1,839 replies 
ods such af were received, and of this number, 173 
furnishing§ were either retired, in school, unem- 
ing may be ployed, or in non-engineering work. 
appeals, buf Of the remaining 1,666 who were en- 
urchasing of gaged in engineering work, 349 or 21 
per cent. stated they were in commer- 
catalogs aif cial work. In addition, 201 or 12 per 
1 the Uniteif cent. replied that they were in top 
18 collegs§ management. This group is required 
gineering ff to have a thorough knowledge of com- 
1 only 9@§ mercial engineering. The total is 33 
‘ses requittl per cent. These figures indicate clearly 
g curricuk§ that the commercial aspects of engi- 
ses in Salsf neering command the attention of a 
e 18 in Itflarge proportion of our graduates. It 
re are veMfis one of the most important fields for 
; engaged tf the engineering graduate. 
sonable tht} Information was secured from sev- 
to endowaferal industrial employers of engineers 
neering afin an attempt to ascertain the propor- 
ld approatftion of their technically trained per- 
earch in tit#sonnel who are engaged in commercial 
ibution. work. The results are as follows: 
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trained men in their employ are in 
commercial work. The General Sales 
Manager of Worthington Pump & 
Machinery Corporation estimated that 
about one-third of their engineers are 

















engineerin commercial work. A Vice Presi- 
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id mailed 20 per cent. of their engineers are sales 
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their customers. Therefore, approxi- 
mately 34 per cent. of their engineering 
staff are engaged in commercial work. 
The President of the New Jersey Ma- 
chine Corporation, manufacturers of 
packaging machinery, states that 54 
per cent. of the engineers in their em- 
ploy devote their time predominantly 
to commercial activities. A Staff As- 
sistant to the Personnel Manager of 
the Consolidated Edison Company of 
New York estimated that of the 847 
engineers in their employ, about 20 per 
cent., are employed predominantly in 
commercial work. Of course, there 
are concerns in which the proportion 
would run lower than those cited above. 
There are large numbers of engineers 
in the services of the government 
where there would be few employed 
in commercial work. On the other 
hand, there are large numbers of manu- 
facturers’ agents and dealers in capital 
goods, all of whose engineering em- 
ployees are engaged in commercial 
work. 

The above figures clearly indicate 
that industry is absorbing large num- 
bers of engineering graduates into the 
commercial field. These engineers 
have not received adequate education 
for the work and cannot perform as 
effectively as is necessary to bring the 
distribution system to the level of effi- 
ciency attained by those in production. 

Do we feel that the proper place 
for a course in Industrial Marketing 
including Sales Engineering is in the 
College of Business Administration 
rather than the College of Engineer- 
ing? The approach used in a study of 
marketing in the colleges of business 
administration is generally that related 
to the merchandising of consumer 
goods, not the marketing of industrial 
equipment. Such courses are given 
in the Colleges of Business Adminis- 
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tration or departments of economics in 
67 of the 148 schools previously re- 
ferred to. They are seldom required 
or offered as electives to engineering 
students. Sales Engineering is both 
engineering and business with empha- 
sis often on the former. The language, 
the approach to the problems, the type 
of instructor required in each of these 
two types of marketing is entirely 
different. If engineering students are 
sent to business administration col- 
leges the desired results are not likely 
to be obtained. Engineering courses 
should be taught by engineers. 

May I quote again from Mr. Lester’s 
letter to Tell Berna? 


“The public has been very slow to rec- 
ognize the difference between sales engi- 
neering and salesmanship, and I think 
both industry and the press have been 
quite slow in evaluating and publicizing 
this. You recognize the enormous mass 
of material that is issued and available 
on marketing, market analysis, salesman- 
ship, retailing, and what not, as contrasted 
to sales engineering. The mass of the 
former, largely along ‘pep’ lines, has made 
it even more difficult to get across the 
ideas that are in our minds. 

“The engineering teachers turn the 
problem over to the business schools and 
departments of economics. Obviously, the 
latter two give a course of training quite 
unrelated to the language, problems, and 
purposes of the engineer.” 


Do we feel that only those of our 
graduates who go into the commercial 
field need training in industrial mar- 
keting and sales engineering? If so, 
we are making a tremendous mistake. 
Those in research, design, operation 
and production all need the customer 
point of view in order to do an effec- 
tive job. We are all in business to 
serve society. We prosper as we 
are efficient in this service. The re- 


search and design engineer must con. 
tinually strive to get the customer 
point of view to develop and design 
products that will sell. In every o- 
ganization there must be a close liaison 
between the sales engineers and the 
other engineers. The desires of those 
who constitute the market must he 
conveyed to those responsible for de. 
veloping, designing and manufacturing 
the product. To develop this customer 
point of view, all engineering students 
should devote some time to the com 
mercial aspects of engineering. The 
production and operation men aly 
need the customer point of view t 
help them appreciate the quality and 
service aspects of their job. It is 
necessary that we properly introduce 
the students to all phases of engineer 
ing work to have well balanced 
engineering curricula. Specialization 
should be left to the Graduate School 
I am not advocating an undergraduate 
specialty leading to the degree o 
Bachelor of Sales Engineering, but a 
undergraduate course in Industria 
Marketing including sales engineering 
so that all engineering graduates wil 
have this customer point of view i 
their approach to any engineerig 
problem. 

Can we do an effective job in teack 
ing Industrial Marketing and Sale 
Engineering? My answer to this ques 
tion is definitely yes. These courst 
have been taught successfully in th 
Graduate School at the University 
Pittsburgh, Brooklyn Polytechnic It 
stitute and elsewhere. Pratt Institut 
has given a course in Industrial Mar 
keting to all students graduating | 
engineering since 1937. Cornell 
other engineering colleges have bet 
successful in developing such coursé 
There are three books available ¢ 
Industrial Marketing: 
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Lester, Bernard, Marketing Industrial 
Equipment, New York, McGraw- 
Hill, 1935. 

Elder, Robert F., Fundamentals of 
Industrial Marketing, New York, 
McGraw-Hill, 1935. 

Frederick, John H., Industrial Mar- 
keting, New York, Prentice-Hall 
Inc., 1934. 


Lester has also written a book on 
Sales Engineering, published by John 
Wiley & Son, which is suitable for 
instruction purposes. 

The course in Industrial Marketing 
at Pratt Institute carries 3 semester 
hours credit. It consists of 2 hours 
of classwork and 2 hours of labora- 
tory with 5 hours of outside work each 
week, The classwork covers a study 
of the principles of industrial market- 
ing using the textbooks mentioned 
above, supplemented by reading as- 
signments in the psychology of selling 
and advertising. Each student is re- 
quired to make a marketing analysis 
of a capital good sold by a manufac- 
turer in a domestic industrial market 
as his laboratory assignment. Sta- 
tistics compiled by the United States 
Department of Commerce, the Federal 
Power Commission, the Census Bu- 
reau, as well as various private or- 
ganizations engaged in marketing re- 
search, are used as source material. 
The student is required to write to 
and to interview users of the equip- 
ment and sales engineers selling the 
equipment to secure needed informa- 
tion. 

The course is designed to make the 
engineering student conscious of the 
customer viewpoint through a study 
of the basic principles involved in dis- 
tribution. It includes: 


a. The analysis of markets for tech- 
nical products. 





b. The organization and methods 
used in marketing technical prod- 
ucts. 

c. The principles involved and meth- 
ods employed by the individual 
sales engineer. 


Throughout the course, special effort 
is made to induce the student to adopt 
an analytical approach to the problems 
of distribution. An attempt is made to 
create in him a desire to improve the 
distribution methods now in use. Each 
student gains experience in writing 
business letters, in the preparation of 
reports, in conducting interviews, in 
the use of library facilities for investi- 
gation, and some definite preparation 
for his first job, 7.e., selling his services 
to a prospective employer. 

Courses in the Principles of Eco- 
nomics and Industrial Organization 
and Management including Engineer- 
ing Economics are prerequisite to this 
course. 

Many people in industry who have 
been contacted by the students in this 
course have shown real interest in the 
work which Pratt Institute is doing. 
Some have requested copies of the stu- 
dents’ reports and others have written 
letters in which they commended this 
plan for training engineers. Many 
Pratt alumni have expressed their ap- 
preciation for the help which the course 
has proven to be to them in their 
engineering work. 

In addition to an undergraduate 
course in Industrial Marketing, the 
engineering colleges should establish 
graduate courses in the Department of 
Administrative Engineering to give 
specialized training to those who desire 
to make sales engineering their life 
work. The graduate curriculum in 
Sales Engineering should include 
courses in Statistical Analysis, Ac- 
counting and Finance, Sales Forecast- 
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ing, Specification Writing, Psychology 
of Selling and’ Advertising, Business 
Law, Product Analysis, Market Anal- 
ysis, Distribution Methods, Sales Or- 
ganization and Management, Wage 
Incentives and a Graduate Thesis in 
which the scientific method is applied 
to a problem of distribution. The 
faculty teaching such Graduate School 
courses should devote considerable 
time to basic research in this field. 
Are we aware that Now is the time 
to prepare the young engineers for 
work in this field? We are at the 
crest of the seller’s market. Soon 
production will outstrip demand. An 
efficient job of distribution will have 
to be done if prices are to fall within 
the customer’s ability to pay. During 
and immediately after World War I, 
in the 1929 boom, and at the present 
time, the commercial aspects of engi- 
neering have been secondary to pro- 
duction. At other times, consumption 
lags behind production, and the prob- 
lems of demand creation and distribu- 
tion become prominent. We are about 
to enter this phase of the cycle. Will 
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the engineering graduate in this ney 
era be better prepared to handle th 
problems that will arise than wer 
those in the past? It is directly 
to you. 

In summation, the following f, 
are apparent. There is a real need fo 
education in sales engineering. The 
engineering colleges are not doing a 
adequate job in training engineers for 
this work. Sales engineers make up 
large proportion of the population ¢ 
engineers. Industry desires a better 
understanding of distribution prob 
lems by engineering students. The e- 
gineering college is the proper plac 
to give instruction in Sales Enginee- 
ing and Industrial Marketing. All 
engineering students should take such 
a course to get the customer point oi 
view. Graduate curricula should k 
developed for those who desire t 
specialize in the field. Now is the tim 
to introduce this course into our eng: 
neering curricula so that our graduate 
will be adequately prepared to met 
these important engineering problem 
of tomorrow. 
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opulation off Hydraulics is one of the earliest 
res a bette’ known of the sciences. The word hy- 
ution prob} draulics comes from two Greek words 
ts. Thee} meaning water flute or organ, and the 
roper plah science of hydraulics pertained to the 
s Engines} science of the liquid, water. The me- 
ceting. All} chanics of fluids or fluid mechanics is 
id take sucif of much more recent development, and 


ner point df it requires a knowledge of all fluids, not 
. should kf water only. 

, desire 0} Some of the earliest recordings con- 
v is the time 


cerning hydraulics in Egyptian history 
are dated more than 4,000 B.c. All of 
us are acquainted with the great aque- 
ducts of the Romans, 300 B.c., which 
brought approximately 50 million gal- 
lons of water per day to Rome. These 
great works of engineering were de- 
signed and constructed on a very 
meager knowledge of the science. The 
discoveries of Archimedes and Ctesibus 
and the writings of Frontinius from 
250 B.c. to about 100 a.v. ended the 
progress in the knowledge of hydraulics 
for more than 1,000 years. 

Leonardo da Vinci helped bring the 
canal building era to Europe, about 
1500, by inventing the canal lock and 
the mitre sill gate, and publishing his 
treatise “On the Motion and Measure- 
ment of Water.” 

In 1612 Galileo published his treatise, 
and he and his son performed some of 
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* Presented at the Illinois-Indiana Section 
Meeting, Terre Haute, Ind., May 10, 1947. 
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From Hydraulics to Fluid Mechanics * 


By WALLACE M. LANSFORD 
Professor of Theoretical and Applied Mechanics, University of Illinots 


the earliest experiments on hydraulics. 
Galileo may be credited with beginning 
the era of experimentation in hydraulics 
or water, continued by such men as 
Torricelli, Huygens, Pascal, Venturi, 
and others. About this same time, 
1700, there also appeared men who 
might be called analysts, such as New- 
ton, Bernoulli, and Euler. By the cre- 
ation of an “ideal fluid,” there came into 
being a school of thought known as 
“classical hydrodynamics” (theoretical 
analysis of an ideal fluid), in contrast 
with the school of “experimental hy- 
draulics” (empirical analysis of test 
data) which had grown out of the past 
based on experiments with water. 
Euler, 1768-71, is credited by many as 
being the father of classical hydro- 
dynamics. Engineers looked upon 
classical hydrodynamics as of little 
practical value. 

These two distinctly different schools 
of thought continued for over a hun- 
dred years. During. this period it is 
interesting to note that one of the 
earliest, if not the first, textbook on 
the subject of Hydraulics was written 
by D’Aubuisson in 1834 and translated 
into English in 1852. About this time, 
1840-42, the French. physician, Poi- 
seuille, discovered the principles gov- 
erning laminar flow in pipes, which was 
a very fine piece of experimental work. 
Stokes’ contribution to hydrodynamics 
followed a few years after Poiseuille’s 
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experiments. In 1850 Darcy published 
his results of experiments on flow of 
water through pipes under actual serv- 


ice conditions, the first experiments of 


this kind ever carried out. 

In 1860-70 the construction of a pipe 
line in Eastern United States for the 
transportation of oil, brought a desire 
for knowledge concerning the flow of 
liquids other than water through pipe 
lines. All previous work had been 
concerned with water only, and engi- 
neers found that the empirical formula 
taken from the observations of the flow 
of water did not apply correctly to the 
flow of oil. Then in 1883 Osborne 
Reynolds published the results of his 
classical experiments which described 
laminar and turbulent flow in pipes, 
and the variables which governed or 
influenced this phenomena. 

At the beginning of the Twentieth 
Century the great interest in aero- 
nautics, in both lighter than air and 
in heavier than air machines, and the 
growing desire to transport liquids 
other than water in pipe lines, helped 
to bring about the joining or uniting 
of classical hydrodynamics and empiri- 
cal hydraulics into fluid mechanics. 
By this time, the stage was set for such 
a union, the criterion to determine the 
type of flow existing in a pipe line was 
known (Reynolds), the basic law of 
laminar flow was well proven (Pois- 
euille), and the general laws of fluid 
motion were well established (Euler, 
Stokes, et al.). 

In 1914 Stanton and Pannell of Brit- 
ain published the results of their ex- 
periments showing for the first time 
that air, steam and water were gov- 
erned by the same laws, when flowing 
through the same pipe, under dynami- 
cally similar conditions. 

Probably there is no better example 
of modern fluid mechanics than that 


shown in the publications of Ludwig 
Prandtl of Germany, who has beep 
called the father of present day fluid 
mechanics. Prandtl in Germany, and 
Von Karman in this country, have made 
great contributions to the knowledge 
of the mechanics of fluids, especially 
toward the solving of problems concern. 
ing turbulent flow. The method of en- 
deavoring to find the universal con- 
stants in equations describing all fluid 
flow in pipes, instead of empirical equa- 
tions fitting a few data of flow of one 
fluid in one kind of pipe, is an excel- 
lent illustration of modern fluid me- 
chanics as compared to hydraulics. 

In 1920-22 Wilson and McAdams of 
M.1.T. published the results of their 
work on “Flow of Fluids in Commer- 
cial Pipes.” This was a dimensionless 
plot, similar to Stanton and Pannells, 
and helped to point the way to the 
friction factor—Reynolds numbers 
graphs, commonly known as Stanton’s 
diagrams, and used to analyze flow of 
fluids in pipes. It was an application 
of systematic analyzing of data toa 
practical problem. 

By 1933 these new methods of soly- 
ing fluid flow problems began to ap- 
pear in the undergraduate textbooks 
in hydraulics. In the study of this 
science, such topics as viscosity, lami- 
nar and turbulent flow, Reynolds num- 
ber, dynamic similarity, dimensional 
analysis, and many other equally impor- 
tant items not mentioned in under- 
graduate hydraulic texts twenty years 
ago are now included. Nearly all such 
texts are now entitled Fluid Mechanics, 
or some such similar titles. Modern 
Fluid Mechanics attempts to take the 
best from both old schools of thought, 
the classical hydrodynamics, and the old 
empirical hydraulics, and to utilize these 
principles in the analysis of practical 
problems. 








Th 
turbu 
impor 
day | 
we CC 
engin 
cult ; 
force 
air, b 


of Ludwig 
has _ been 
t day fluid 
many, and 
have made 
knowledge 
especially 
1s concern- 
thod of en- 
rersal con- 
ag all fluid 
irical equa- 
low of one 
$ an excel- 
fluid me- 
raulics. 
cAdams of 
ts of their 
1 Commer- 
nensionless 
| Pannells’, 
yay to the 
num bers 
; Stanton’s 
yze flow of 
application 
data toa 


ds of soly- 
yan to ap- 
textbooks 

dy of this 
sity, lami- 
nolds num- 
|imensional 
ally impor- 
in under- 
enty years 
rly all such 
Mechanics, 
Modern 

‘o take the 
of thought, 
and the old 
itilize these 
yf practical 





FROM HYDRAULICS TO FLUID MECHANICS 


The single phenomenon known as 
turbulence furnishes an example of the 
importance of fluid motion to present 
day civilization. Without turbulence 
we could hardly afford to operate steam 
engines ; air conditioning would be diffi- 
cult; in fact in breathing one would be 
forced to move about to obtain fresh 
air, but we would have no dust storms, 
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have no river sedimentation problems, 
and the process of streamlining would 
be unnecessary. Fluid mechanics is a 
fundamental science carrying an intro- 
duction to such fields of study as aero- 
nautics, heating and ventilation, river 
sediment transportation, flood control, 
lubrication, flow in pipes, meteorology, 
ballistics, and thermodynamics. 

















Curriculum for Development Engineering “ 


By M. A. EDWARDS 


Assistant Engineer, General Engineering and Consulting Laboratory, 
General Electric Company 


Just as there is need for fundamental 
research to develop new knowledge 
and materials, there is equally urgent 
need for engineering application of the 
new knowledge and materials. The 
research scientist provides the building 
blocks. The development engineer 
puts them together in a way that serves 
some useful purpose. To be able to 
do this successfully he must have cer- 
tain tools at his command. The most 
important are: 


(1) sound fundamental knowledge 

(2) training in the application of 
this knowledge 

(3) persistence to continue despite 
difficulties 

(4) a more than ordinarily inquisi- 
tive mind 


Limiting to four items the list of 
equipment needed by the development 
engineer is, of course, an oversimpli- 
fication of the situation. Certain other 
qualities and abilities will be very help- 
ful. The four that I have mentioned, 
however, are absolutely essential. Let 
us begin our consideration of a “Cur- 
riculum for Development Engineer- 
ing” by discussion of the reasons why 
these four items are so important. 

Webster defines engineering as the 
“art or science by which the properties 
of matter and the sources of power in 


* Address delivered before Allegheny Sec- 
tion of the A.S.E.E., October 10, 1947. 
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nature are made useful to man in 
structures, machines and manufactured 
products.” Development engineering, 
broadly speaking, is that part of the 
science which concerns itself with mak- 
ing the properties of matter and sources 
of power useful in machines. It isa 
creative activity—one which builds 
something new from what we have and 
what we know. Moreover, develop- 
ment engineering as a profession is a 
continuing activity. Clearly a continu- 
ing creative activity demands that what 
we know, we know correctly and thor- 
oughly. If we take off from an un- 
certain starting point and proceed by 
chance we may accidentally arrive at 
something useful once in a while, but 
we are not likely to do it very often. 

Development engineering is from its 
very name a gradual process. Its goal 
is seldom reached in a single giant 
stride. We must proceed step by step 
over unmapped ground. We have to 
find our own way. Nobody can pro- 
vide us in advance with a set of direc- 
tions that will surely lead to the de- 
sired goal. If we undertook to follow 
ready-made sets of directions we would 
find ourselves in one difficulty after 
another. The only sure way to pro- 
ceed is to make our own map as we 
go along and we must have sound 
fundamental knowledge to do it. 

But it is not enough simply to have 
the knowledge. We must know how 
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to use it. How often we see someone 
baffled by a problem even when he has 
all the information needed to solve it. 
Instead of trying systematically to ap- 
ply the knowledge he has, he starts 
guessing wildly at the answer. When 
someone else finally tells him the an- 
swer, he exclaims, “Of course, I ought 
to have seen that myself!” 

The average person, even the aver- 
age educated person, lacks training in 
how to utilize his knowledge. He 
needs to be taught how to survey his 
store of knowledge, select that which 
has proved useful under somewhat sim- 
ilar circumstances in the past and ex- 
periment with it as a means of solving 
the present problem. If this procedure 
is followed in a careful and orderly 
manner, the chances are good that he 
will find a solution in a reasonable 
length of time. That is exactly what 
the development engineer must do. 
That is why it is important for him 
to have, not only sound fundamental 
knowledge, but also training in the 
application of this knowledge. 

The third essential for the develop- 
ment engineer is persistence to continue 
on to his desired goal despite difficul- 
ties. Few important undertakings in 
any field of engineering are clear sail- 
ing from start to finish. In the field 
of development engineering where each 
undertaking is an expedition into un- 
mapped territory, there are practically 
none. Difficulties of one sort or an- 
other invariably arise. Many brilliant 
engineers greatly impair their effec- 
tiveness by lack of ability to carry 
through and get things done. They 
become stalled whenever they run up 
against serious difficulties. Facility in 





presenting reasons why a thing cannot 
be done is. of no value to the develop- 
ment engineer. He must. have in- 
genuity to find a way around ‘the diffi- 
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culties and perseverance enough to 
keep on until he has done so. 

In addition to having fundamental 
knowledge, training in application of 
this knowledge, and persistence in ap- 
plying it, the development engineer 
must have an inquisitive mind. This 
is the fourth and most important of 
the essentials to be considered. By 
saying he must have an inquisitive 
mind I do not mean simply that he 
must have a lively curiosity. A young 
child- usually has a lively curiosity, 
but is aimless and shifts quickly from 
one subject to another. The kind of 
inquisitive mind needed by the devel- 
opment engineer is one which instinc- 
tively seeks to find out how things are 
made and how they work. The sight 
of a new machine is an instant chal- 
lenge to such a mind—a challenge that 
is answered only when full knowledge 
has been obtained concerning what the 
machine is, what it does, and why it 
does it. A mind that is continually 
collecting information of this kind soon 
becomes a storehouse of priceless ma- 
terial for use in future development 
work. 

Let us now turn to consideration of 
what the curriculum can do to provide 
the development engineer with these 
four essential tools for his work. The 
problem of providing him with sound 
fundamental knowledge is relatively 
simple. At least it should be simple, 
but judging by the frequent failures 
to do it, there appear to be difficulties 
in the way. 

\Probably the greatest of these diffi- 
culties is limitation of time. All engi- 
neering students get sound funda- 
mental knowledge, but most of them 
don’t get enough of it. Some of our 
educational institutions concentrate too 
much on subjects that are considered 
to be of “practical” value to their stu- 
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dents. I believe in a “practical” edu- 
cation, but I don’t interpret that as 
something that will give the student 
proficiency in certain specific tasks to 
which he may be put immediately 
after graduation. He can learn those 
tasks quickly enough after he is ac- 
tually facing them. In so far as time 
is taken during the college course to 
train students in what they can learn 
just as well or better after they have 
gone out into practice, the student’s 
time is being wasted. He is being de- 
prived of what he may never again 
have an opportunity to secure in order 
to give him what will be forced upon 
him Jater anyway. 

To my mind a “practical” education 
is one which lays a broad, strong foun- 
dation on which the student can build 
from his own experience and reading 
throughout the years to come. And I 
want to emphasize that word “broad.” 
An engineer needs to know a lot more 
than science and mathematics: Sound 
knowledge along these lines is, of 
course, essential, but it is not enough. 
A good foundation in the liberal arts 
such as phiiosophy, history, economics 
and languages, particularly English, is 
essential, too. 

I believe a great many young engi- 
neering graduates suffer from too much 
knowledge of their own specialties and 
too little knowledge of the relationship 
between their specialties and life in 
general. Too often physics, chemistry, 
geology, hydraulics, mechanics, etc., are 
regarded as separate tools to be used 
one at a time as circumstances may 
dictate. The student needs to have 
these subjects put in proper focus with 
general scientific developments and also 
with social and economic developments. 

Advances made in recent years in 
our knowledge of atomic structure il- 
lustrate what I mean. Broadly speak- 
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ing we may be said to have returne 
to an earlier, simpler conception of th 
structure of matter. We no longe 
believe that we have to deal with, 
large number of individual, basic ¢e 
ments, each distinctly different frog 
all others. We know that all of th 
so-called basic elements are formed by 
different arrangements of the sam 
fundamental units, and we know, 
good deal about these units. Further. 
more we have learned that the study 
of the structure of matter is really; 
single science and that the distinction 
between “physics” and “chemistry” js 
somewhat artificial even though it may 
be convenient to retain it as a means 
of indicating fields of specialization 
within this single science. 

Now this basic unity of physic 
and chemistry is significant in ways 
other than that of illustrating the fal 
lacy of considering science as being 
divided into a number of watertight 
compartments. | History teaches that 
the reasoning of the ancient philos- 
phers regarding the structure of mat 
ter was fundamentally sound—in many 
respects better than the reasoning o 
those who followed them in later times 
The former sought a simple explam- 
tion of the structure of matter. The 
latter let themselves be led into ac 
ceptance of an incredibly complex 
structure that ultimately proved to bh 
only a figment of human imagination. 
I do not go so far as to say that by 
paying more attention to the ancient 
philosophers we would. have arrivel 
sooner at our present knowledge 
atomic structure, but I do very def 
nitely believe that all engineers, ant 
particularly development engineers, cat 
profit from the ancient philosophy 
seeking the simple explanation, the 
simple way of doing things in prefer 
ence to the complex. 
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Countless instances could be cited 
from our experience where basic knowl- 
edge of non-engineering subjects has 
been of inestimable value to engineers. 
An equal number of instances could be 
cited where lack of knowledge of some 
subject such as economics or English, 
or some other of the liberal arts sub- 
jects, has been a serious handicap to 
an engineer. More significant than 
these particular instances, which un- 
doubtedly could be duplicated in any 
other large engineering organization, 
is the fact that a broad basis of fun- 
damental knowledge builds up a spirit 
of self-confidence in the young engi- 
neering graduate. He no longer feels 
like a foreigner in a gathering of men 
associated with other aspects of indus- 
try. He may not be an expert in the 
matters in which they are interested, 
but at least he knows the fundamentals 
and understands the language they are 
talking. 

I cannot stress the importance of 
this too strongly. The feeling of be- 
ing a foreigner among people who do 
not understand him, and whom he does 
not understand, is unlikely to arise 
while the young engineer is in college 
and associating with his fellow engi- 
neering students: But when he goes 
out into industry, he is sure to be 
brought into contact frequently with 
people who are not engineers. | To 
meet them and talk with them and 
carry his point he must have the self- 
confidence that comes from knowing 
that his own position is buttressed by 
sound and broad knowledge of funda- 
mentals. 

Training in the application of funda- 
mental knowledge presents a problem 
somewhat more complex than that of 
simply instilling the knowledge, but 
still not a difficult problem. Many 
educational institutions are now doing 
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an excellent job of such training, and 
others could do equally well by fol- 
lowing techniques already established. 
The essential thing is to train the 
prospective engineer in sound methods 
rather than to give him quick facility 
in solving specific problems. 

In this connection I am reminded of 
the unfortunate results that I have seen 
produced by the system of so-called 
“Progressive Education” wherein the 
young student is taught that a certain 
group of wiggly black lines on a sheet 
of paper means a hairy animal that 
barks and wags his tail, instead of 
teaching the student that the letters 
D, O, and G spell “dog.” It is con- 
tended that the method of familiarizing 
the student with the appearance of a 
complete word rather than teaching 
him the alphabet and what letters make 
what words, results in quicker devel- 
opment of reading ability. That may 
be so, but in my opinion the gain is 
inconsequential in comparison with the 
loss in reasoning power which accom- 
panies it. A student so taught may 
remember the appearance of the word 
“dog” and the appearance of the word 
“cart,” but when he comes to the 
word “dogcart” he is stopped dead be- 
cause its appearance as a whole is 
strange to him and he has not been 
taught to analyze it into its constituent 
parts. My observation is that the 
students taught under this “progres- 
sive” system take years to catch up in 
analytical and reasoning ability with 
the students taught by conventional 
methods. 

| Certainly anything resembling this 
“progressive” method of instruction is 
wholly out of place in an engineering 
curriculum, It may be argued that 
nobody has ever tried to apply this 
“progressive” system to engineering 
education. Literally that is true. As 














a matter of fact, however, engineering 
education has sometimes followed a 
philosophy very similar to that of 
“Progressive Education.” The student 
has been taught that a certain formula 
found on a certain page in a certain 
book will solve a particular problem. 
He learns how to apply this formula 
and becomes quite proficient in its use 
without ever understanding why it 
solves the problem. That may be 
training of a sort, but it is certainly 
not training in sound methods of ap- 
plying fundamental knowledge, which 
should be a basic element in every 
engineering curriculum. 

Having provided the engineering 
student with sound fundamental knowl- 
edge, and training in how to apply 
that knowledge, the curriculum can 
also do much to develop a habit of 
perseverence. This is definitely a char- 
acteristic that can be developed by 
training. Ofcourse the training should 
start long before the student enters 
college. But, irrespective of how good 
a job has been done beforehand, a 
carefully planned curriculum can ac- 
complish a great deal to foster the 
development of this essential charac- 
teristic. In college the student is 
likely to be in a more receptive frame 
of mind than he was earlier to learn 
the lesson of persistence. Moreover, 
it can be taught to him directly in 
connection with his engineering work 
rather than as an abstract principle. 
The essence of the job is simply to 
give him problems hard enough to tax 
his ability, but not so hard as to dis- 
courage him. That way he learns 
over and over that by keeping on 
plugging despite difficulties and occa- 
sional setbacks, he can almost always 
bring his task to a successful conclu- 
sion. Having had repeatedly the ex- 
perience of tackling something difficult 
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and accomplishing it through persistey 
effort, he will have something to r 
member and encourage him when fy 
is up against tough jobs after gradi. 
tion. 

Fourth of the four essentials for the 
development engineer is an inquisitive 
mind, While an inquisitive mind is, 
desirable characteristic in any engineer 
it is of prime importance for develop. 
ment work. | Unfortunately there i 
comparatively little that the curricy. 
lum can do to foster inquisitiveness. 
It can to a certain extent provide op 
portunity in the laboratory for the 
student to organize and arrange his 
procedure and work. This is far better 
than to present him with a thoroughly 
organized procedure in which he works 
pretty much as an automaton. Prac. 
tice in organizing as well as perform 
ing will probably stimulate inquisitive. 
ness, but when all is said and don 
the development of this essential is 
largely beyond the scope of the cur- 
riculum. 

So, looking at the broad question o 
a curriculum for development engineer: 
ing, what do we find? We see, in 
brief, that there are four essential 
which the development engineer must 
have. Three of these are equally nec- 
essary for any other kind of engineer- 
ing, the inquisitive mind being the only 
real difference. The three essentials 
that are common to all forms. of engi- 
neering can definitely be taught by the 
curriculum. The fourth, which is pe- 
culiar to development engineering, can 
be promoted by the curriculum to only 
a minor extent. ‘Thus we are led in- 
evitably to the-conclusion that the most 
effective type of curriculum for devel: 
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opment engineering differs very little 
if at all from the curriculum for other 
kinds of engineering, 

Our experience definitely confirms 
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this conclusion. We have found that 
the ordinary engineering graduate who 
comes to us knows very little about the 
particular kind of engineering he wants 
to choose for his life work. He is 
quite likely to think at first that he 
wants to be a development engineer 
and a little later decide that he wants 
to go into the sales end of the business. 
Or he may come to us with no par- 
ticular idea of doing development work 
and end by becoming one of our best 
development engineers. To illustrate 
this point let us look at the record of 
patents obtained by a sizable group of 
our most successful development en- 
gineers. While patents are not an in- 
fallible indication of success in devel- 
opment engineering they serve pretty 
well as an approximate guide. These 


engineers spent an average of three 
years apiece in our company before 
producing anything that could be seri- 
ously considered as patentable. 


They 
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spent an average of five years before 
actually obtaining their first patents. 
If it took this length of time in the 
practice of engineering for them to 
find themselves as development engi- 
neers, how would it be possible for 
them as undergraduates to have selected 
development engineering as their life 
work? The answer is that it would 
not have been possible. Had a course 
in development engineering been avail- 
able to them in college the probability 
is that most of them would not have 
selected it. On the other hand, by 
taking the regular engineering courses 
they provided themselves with sound, 
broad foundations on which they were 
able to build future careers in devel- 
opment engineering. {In our opinion, 
the way to train a good development 
engineer is to train a good engineer— 
and let him take up development work 
later, if and when his inclination turns 
in that direction 
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Aeronautical Engineering Curriculum Design 


By MAURICE NELLES 
Head, Aeronautical Engineering Department, University of Southern California 


The establishment of a new College 
of Aeronautics and a new Department 
of Aeronautical Engineering at a loca- 
tion remote from the main campus of 
the University of Southern California 
created the opportunity of designing a 
new Aeronautical Engineering curricu- 
lum. Basic specifications for this de- 
sign included the following factors: 

1. The graduate must be especially 
skilled in the design phases of aero- 
nautical engineering. A survey and 
study of current and future conditions 
surrounding the employment of aero- 
nautical engineering graduates indi- 
cates the necessity of training engi- 
neers who are skilled in designing 
aircraft components. 

2. The curriculum must provide a 
training which will give the student 
a substantial mechanical engineering 
background so that he may be eligible 
for employment as a mechanical engi- 
neer in the aircraft or other industries. 

3. The curriculum must provide 
basic training which will enable a grad- 
uate to continue his education in the 
graduate schools of the various Uni- 
versities. 

4. The curriculum must provide a 
well rounded education so that the 
graduate will be trained to meet vari- 
ous conditions imposed by an ever 
changing world. 

The curriculum for the Freshman 
year is as follows: 


Units 
ist 2nd 
Sem. Sem 
Introduction to Study of Engi- 

CREB NS eae tale oe at 1 0 
Detail Drawing. 65. 66505 Sasi ods 2 2 
General Chemistry............ 4 4 
Introduction to English........ 3 3 
College Algebra and Advanced 

Trigonvmetty (oi ool ss. 5 0 
Analytic Geometry and Intro- 

ductoty Caleulus. 6.65.6 0 5 
Physical Education............ 1 1 

16 15 
FRESHMAN SUMMER 
Manufacturing Operations...... 3 
TMI PN YBICES O46 ES aR SS 4 
7 


An Introduction to the Study of 
Engineering is included in the cur 
riculum for the Freshman in order ac- 
curately to acquaint the student with 
the studies which will be pursued dur- 
ing the undergraduate work and to 
familiarize him with various types of 
employment which may be followed 
after graduation. It is also planned to 
teach the student general engineering 
ethics and to train him in the profes 
sional duties which he will be expected 
to undertake during his college career 
and after graduation. 

The Detail Drawing course is prt 
marily to develop the technique of 
sketching and drawing individual parts 
or assemblies in accordance with draw 
ing room procedures required by the 
aircraft industries and by various gov- 
ernmental organizations. Included in 
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this course will be the theory and prac- 
tie of descriptive geometry and the 
study and application of standards and 
specifications. It is planned to teach 
the knowledge and skill required of a 
detail draftsman. It is believed that 
the majority of future engineers start 
in this particular job classification in 
industry and that they should early 
learn the technique of putting their 
thoughts on paper in such a way that 
they will be immediately acceptable to 
the aircraft industry. 

The General Chemistry course cov- 
ets basic chemical theories. The lab- 
oratory work of the first semester will 
consist of experiments required to il- 
lustrate basic chemical theory. A\l- 
though the lecture work of the second 
semester will be primarily basic chemi- 
cal theory, the customary qualitative 
analysis laboratory work will be 


| omitted and experimental work of par- 


ticular interest to aeronautical engi- 
neers will be substituted. This will 
include A.S.T.M. experiments on pe- 
troleum products, corrosion, weather- 
ing, analyzing, etc. 

The course in English will be pri- 
marily composition. During the sec- 
ond semester some time will be spent 
on report writing. 

Two substitutions are permitted for 
Physical Education. The student may 
elect flight training which will enable 
him to obtain a private operator’s li- 
cense or the student may elect Air 
ROTC. The College has available a 
wide variety of airplanes ranging from 
DC-3’s to small personal airplanes. 
It is not required but strongly recom- 
mended that each engineering student 
learn to fly an airplane so that he will 








have an appreciation of pilot needs and 
over-all flight requirements. 

The course in Manufacturing Op- 
erations has been substituted for con- 
ventional shop courses. The objectives 
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of these courses are to inform the stu- 
dent of the limitations of the various 
manufacturing machines and processes 
and to acquaint him with operations 
which can be readily accomplished. 
Special attention is given to tolerances 
which can be obtained readily and to 
the difficulties which are encountered 
when close tolerances are specified. 
In general the training is designed so 
that the student will learn the meaning 
of notations placed on drawings for 
the information of the manufacturing 
organization. The manufacturing op- 
erations course includes the theory and 
practice of resistance welding, fusion 
welding, riveting light metals and 
steels; lathe, mill, shaper, and planer 
operations; shearing, routing, and fil- 
ing operations; cleaning, anodizing, 
chromodizing, pickling, painting, etc. 

The sequence of the basic physics 
course is arranged so that the mechan- 
ics section will precede analytical me- 
chanics and will antecede introductory 
calculus. This arrangement was found 
to be necessary so that there will be 
the optimum sequence for studying 
mechanics and associated subjects. 

The curriculum for the Sophomore 
year is as follows: 


SopHOMORE YEAR 


Units 
ist 2nd 
Sem. Sem. 
Differential and Integral Cal- 

Gliese ok oe ea 3 
Basie Pinwsiess osc «son, ianostes 4 4 
Analytical Mechanics.......... 2 3 
Lavout Eee wittet <2... 6:35). 3 3 0 2 
Fundamentals of Economics.... 3 0 
American Civilization and Insti- 

PRIS Sitia 6 SS i ce ea Be ed 2 2 
Physical Education............ 1 1 

15 15 
SOPHOMORE SUMMER 
Manufacturing Operations... .. 3 
Moechatiag. 3 2 205 285 653 2 


Photogrammetry and Surveying 3 


8 








yesractiBada > Maree 





The Layout Drawing course is de- 
signed to continue the improvement of 
drawing techniques and to extend it 


‘ to more difficult work including the 


layout of forgings, castings, machined 
fittings, etc. Emphasis will be placed 
on general design considerations and 
practice will be given in the analysis 
of the strength of simple parts and 
joints. The use of the Government’s 
ANC-5 and other design handbooks 
will be introduced. 

The course in Photogrammetry and 
Surveying is included in the curricu- 
lum to provide an opportunity for the 
student to become intimately acquainted 
with the use of precise instruments 
and to teach him how to take and check 
accurate measurements. He will also 
be taught how to compare measure- 
ments made by two widely different 
methods and will obtain a working 
knowledge of the photographic process. 

The curriculum for the Junior year 
is as follows: 


Units 
ist n 
Sem. Sem 
Elements of Electrical Engineer- 
1 GS eR a Rae ae pt a 5 0 
Introduction to Electronic 
I er aN cde pean 0 3 
Baste Siftictures. ..... 04. f0)be. 4 0 
Structures Laboratory......... 0 2 
Pina Mecnemes 8 0 4 
IN ik Sis vie ds aR ose 3 0 
Mechanical Design............ 3 0 
Thermodynamics.............. 0 5 
Problems of Human Behavior... 3 0 
Fundamentals of Speech. ...... 0 3 
18 17 


JuNIOR SUMMER 


Work in the aeronautical industry is recom- 
mended, but does not earn credit. 


The courses in Electrical Engineer- 
ing and Introduction to Electronic Con- 
trol are included to give the student a 
working knowledge of electrical and 
electronic equipment which now plays 
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such an important part in aeronautig 





The elementary electrical engineering 
course deviates from the ordinay 
course by stressing 400 cycle AC op 
eration and by including more tha 
the usual amount of data on relays and 
protective systems. The Electronic 
Control course includes a basic study 
of vacuum tubes and electronic cir. 
cuits. Examples and problems ar 
drawn from the aircraft field. 

The Basic Structures course wil 
cover material ordinarily found i 
Strength of Materials courses and lab 
oratory work will consist mainly ¢ 
experiments with a universal testing 
machine. The structures laboraton 
course which follows will be experi 
ments on actual aircraft parts which 
will be subjected to proof loads. The 
laboratory work will also include ex. 
periments using the technique of re 
peated and impact loading. 

The Fluid Mechanics course wil 
include the study of the static and dy- 
namic properties of both liquids ani 
gases. This course will be preliminary 
to the Aerodynamic course required it 
the Senior year. 

The Metallurgy course offered in th 
Junior year will by-pass any referent 
to the process of manufacture of met 
als: and will emphasize physical metal 
lurgy. The properties of metals com- 
monly used in aircraft construction wil 
be studied. This is considered to k 
a terminal course, the main object d 
which is to train the student to be able 
to choose particular. alloys for eat 
individual application. 

The Mechanical Design course & 
concerned with the designing of me 
chanical parts used in aircraft and 
special reference is made to the t 
quirements, functional performance ail 
general utility of mechanical parts 
This course also will include a stuf 
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of the various mechanisms currently 
used on advanced types of aircraft. 

Many engineers have believed that 
engineering graduates lacked an un- 
derstanding of human behavior and 
human values. Because of this current 
feeling a course entitled “Problems of 
Human Behavior” has been included 
in the curriculum. This course covers 
the principles of understanding of be- 
havior, feelings, and motives of per- 
sons. It will also cover the nature of 
human endowment, mental life, emo- 
tional development, habit formation, 
learning, personal and social adjust- 
ment. 

The curriculum for the Senior year 
is as follows: 


Units 
ist 2nd 
Sem. Sem. 
Differential Equations and Ap- 
plied Mathematics.......... 3 0 
Topics in Modern Physics...... 0 2 
PIC 8.6 o's s)ode-acord > 4 0 
Airplane Preliminary Design.... 0 4 
Structural Design............. 4 0 
Aircraft Power Plants.......... 0 4 
MNEDAGS cio sca ae d= © Sytcan} 1 1 
Fught Laboratory............. 2 0 
Engineering Economy and Ad- 
MRPAMIONE 0 5 2 oo ke 2 a a 0 
National Administration....... 0 3 
MRS... cioihh tras ss GaesR trey 1 3 
18 17 
In the Basic Physics course given 


during the Freshman year almost all 
of the instruction is on fundamental 
problems and little if any time is left 
to discuss modern developments in 
physics. These developments very 
often are the basis for engineering de- 
velopments on which an engineering 
graduate will work. A course “Topics 
in Modern Physics” has therefore been 
included in the curriculum in order to 
acquaint the student with recent inven- 
tions in the field of modern physics. 
This will probably include such topics 
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as ultra-sonic phenomena, Infra-red 
spectroscopy, nuclear reactions, micro- 
waves, etc. 

The Airplane Preliminary Design 
course has been outlined to train the 
student to consider pertinent factors 
which are necessary to meet design 
specifications. It will include per- 
formance computations and prelimi- 
nary layout of the components of the 
airplane. Practice will also be given 
in planning breakdowns for produc- 
tion. 

The Aircraft Power Plants course 
is primarily to acquaint the student in 
general with reciprocating engines, gas 
turbines, jets, and rocket units. The 
principles underlying their operation 
will be studied as well as their per- 
formance characteristics. Representa- 
tive types will be operated to obtain 
data on operating variables. 

The Proseminar course is to provide 
the student with an opportunity to 
make verbal reports and to discuss 
current aeronautical engineering de- 
velopments. 

Very few engineers have had an 
opportunity to study the performance 
of an airplane in flight. It is believed 
that if an engineering student can 
measure what happens to various com- 
ponents of the airplane during flight, 
he will have a more vivid knowledge 
of what is required in the design of an 
airplane. The University of Southern 
California has acquired a Flight Lab- 
oratory through the courtesy of the 
Sperry Gyroscope Company which is 
fitted with instruments to measure 


variables of interest to engineers. This 
will include the measurement of loads 
on various parts of the structure, pres- 
sure at various locations, force re- 
quired to accomplish certain motions, 
temperature at various locations, power 
under various conditions, etc. 





Prior to graduation the engineering 
student will study Engineering Econ- 
omy and Administration. Many grad- 
uates will eventually hold administra- 
tive and managerial positions. In any 
case almost all engineering graduates 
will be part of a larger group in some 
industry or governmental organization. 
This course is provided to acquaint 
the student with engineering indus- 
trial relations and the application of 
the principles of engineering economy 
to investment and production analysis. 
Subjects will be covered which will 
orient the engineering graduate in a 
large industrial organization and will 
give him an appreciation of the role 
played by others in the manufacturing 
and development team. 

The economy and life of an engineer 
today is so closely tied in with the 
operation of the national government 
that it is impossible for an engineer to 
operate intelligently unless he is ac- 
quainted with the operation of the 
National Government. A course in 
National Government is therefore in- 
cluded. The functions of such organi- 
zations as the Civil Aeronautics Ad- 
ministration, The National Advisory 
Committee for Aeronautics, the Office 
of Naval Research, The Bureau of 
Aeronautics, the General Staff, the 
Air Forces, etc., will be studied. In 
addition course work will include the 
study of the general political situation 
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as well as the current status of such 
organizations as the United Nations, 

The exceptional student will bh 
given an opportunity in the Senior 
year to include several electives. When 
the time comes that it is expedient to 
expand the four year professional 
course to five years the electives wil 
form the larger part of this work 
Subjects listed as elective at the pres- 
ent time are as follows: 


ELECTIVES 


Hydraulic Design 

Structural Design 

High Speed Aerodynamics 
Fuel Systems Design 
Advanced Analytical Mechanics 
Controls Systems 

Design 

Electrical Systems Design 
Aircraft Instruments 


Curriculum design, like airplane de- 
sign, must change as aeronautical s¢i- 
ence develops. Care must be taken to 
emphasize facts and derivations which 
seem to be basic. Other information, 
which will soon be out-dated, shoul 
be noted but not confused with the 
important background required of aero- 
nautical engineers. In the design of 
this curriculum, courses such as Air 
craft Engines and Topics in Modem 
Physics are included to acquaint the 
student with the field rather than to 
teach him to work in the field covered. 
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The Construction Option in the Civil Engineering 
Curriculum at Purdue* 


By RALPH E. FADUM 
Professor of Soil Mechanics, Purdue University 


I have been invited to present briefly 
a description of the new construction 
option that will be offered for the first 
time at Purdue in September of this 
year. I propose to discuss the reasons 
why Purdue is initiating a construc- 
tion option at this time and to describe 
this option by showing how it differs 
from our so-called general option in 
Civil Engineering. 

In the past, our engineering schools 
with few exceptions have not catered to 
the particular needs of those civil en- 
gineering students who contemplate 
careers in construction. I believe some 
of the arguments for not doing so might 
be stated as follows: 

1. Construction is, to a large extent, 
an art and, as such, much of the special 
training required for the pursuit of this 
phase of Civil Engineering does not 
lend itself to classroom instruction. 

2. It was thought that a general 
course in Civil Engineering would pro- 
vide one adequately with the funda- 
mental training necessary to practice in 
this as well as in any other particular 
field of Civil Engineering. 

3. The typical Civil Engineering stu- 
dent does not know at the time he is in 
school just what his chief field of in- 
terest will be. Hence, the program of 


* Presented at the Illinois-Indiana Section 
Meeting of the A.S.E.E., Terre Haute, Ind., 
May 10, 1947. 
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study that will best fit his needs should 
be one essentially general rather than 
specialized. 

4. A four year curriculum in Civil 
Engineering should be basic and funda- 
mental. Accordingly, it was considered 
unwise to sacrifice any of such material 
for optional subjects; a student inter- 
ested in specializing in a particular field 
should be willing to spend an additional 
year or two in graduate study. 

It seems to me that these arguments 
against providing specialized curricula 
in a normal four year program of study 
are, in general, sound. On the other 
hand, however, we recognize that the 
type of student who is interested in con- 
struction is not, in general, interested 
in graduate study. He is impatient to 
get to work and feels that four years of 
academic training should be sufficient. 

Today, a high percentage of our stu- 
dents are veterans many of whom have 
had some construction experience in 
the war during their tours of duty. 
Upon returning to school these men 
have indicated a desire for a program 
of study that will equip them for a ca- 
reer in this field. In this connection, 
it may be of interest to point out that 
approximately one-third of our students 
have elected, the construction option 
starting next fall. To provide a stu- 
dent with a program of study that is 
attractive to him, whether or not his 
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choice is a wise one, has an important 
argument in its favor if it will serve to 
motivate him. 

The qualifications for construction 


engineers are more exacting today than © 


they were yesterday. Just as in other 
fields, there are fewer opportunities to 
rise from the ranks to positions of re- 
sponsibility. The construction industry 
is more highly organized; the success 
of a building contractor is becoming 
more and more dependent upon his en- 
gineering ability for organization and 
planning. Accordingly, the construc- 
tion industry is demanding higher qual- 
ifications of those who are to engage in 
it. These demands are evidenced by 
the increasing number of requests that 
are directed to our engineering schools 
to provide some particularized training 
in construction. 

The construction option adopted by 
Purdue represents a compromise which 
we hope will satisfy those who feel that 
the general basic course content in the 
general option has already been whit- 
tled to a minimum and those who feel 
that a construction option is desirable. 
To formulate this option and at the 
same time preserve in it the basic course 
content of our general option the fol- 
lowing changes have been introduced. 

Two two-hour technical electives in 
the senior year of the general option 
are replaced by two required three-hour 
courses: one entitled Estimates and 
Costs of Construction; the other, Con- 
struction Planning and Organization. 
The course in Estimates and Costs will 
include studies in financing, approxi- 
mate and detailed methods of estimat- 
ing, and elements of construction cost 
accounting. Construction Planning and 
Organization will include studies of 
plant lay-out, equipment and personnel 
requirements, and production control. 
It is thought that a good portion of the 
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subject material of these two courses 
can be covered by the case system. The 
student will be provided with the 
engineer’s plans and specifications for 
a given project and required to pre- 
pare estimates and bids, construction 
schedules, etc. 

A second change will replace a three- 
hour course in fundamental Soil Me- 
chanics, which is required in the gen- 
eral option, by two two-hour courses, 
one in Foundation Engineering, the 
other in Architectural Engineering. 
The foundation engineering course will 
treat the subjects of subsoil explora- 
tions, methods of excavating, design 
of sheeting and bracing systems, con- 
trol of water, and design of conven- 
tional types of foundation structures. 
The architectural engineering course 
will include studies in the use of build- 
ing materials, designing and detailing 
those parts of a building other than 
the structural frame, specifications, 
inspection, and studies of the provi- 
sions that must be made for building 
equipment. 

The general option provides for two 
three-hour non-technical electives. In 
the construction option one of these is 
replaced by a required course in Labor 
Problems. 

In addition to these changes con- 
sideration is being given to the de- 
sirability of modifying the content of 
our courses in Mechanical and Elec- 
trical Engineering so as to include per- 
formance studies of electrical, steam, 
pneumatic, and gas power construction 
equipment. 

In sum, the construction option dif- 
fers from the general option in that 
two technical and one non-technical 
electives are specified and one technical 
course is replaced by courses in founda- 
tion and architectural engineering. 
This results in a total net increase of 
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three credit hours. These changes have 
been made in such a way that all of 
the basic science and non-technical 
course requirements as well as the 
complete sequence of structural engi- 
neering courses as are required in the 


general option are preserved intact. 
Furthermore, the changes are in the 
seventh and eighth terms so that a stu- 
dent is not obliged to decide between 
the general and construction option un- 
til his senior year. 
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Most Effective Utilization of Fundamental Engineer. 
ing Subjects in Agricultural Engineering Courses 


By ARTHUR W. FARRALL 


Head, Dept. of Agricultural Engineering, Michigan State College 


The object of this paper is to discuss 
the most effective utilization of basic 
engineering in teaching “Agricultural 
Engineering.” 

It is always well to have a clear idea 
of the subject under discussion. There- 
fore, a definition of what is meant by 
“Fundamental Engineering subjects” 
is in order, as well as a clarification 
of the words “Agricultural Engineer- 
ing courses.” 

For the purpose of this discussion, 
the term “Fundamental Engineering 
subjects” refers to those courses which 
are commonly used by the majority of 
recognized engineering colleges, in set- 
ting up their mechanical, electrical, 
agricultural and civil engineering cur- 
ricula ; these have to do with the direct 
utilization of the forces of physics and 
nature. For example, a course in 
thermodynamics, strength of materials, 
or metallurgy is considered to be in 
this category. A course in calculus or 
sociology, while important and re- 
quired in the curricula, would not be 
considered basically engineering, but 
is certainly basic to all engineering 
courses. 

Examination of the catalogues of a 
number of engineering colleges indi- 
cates that the most of these institu- 
tions consider the following courses as 
essential in their engineering curricula. 


Drawing Thermodynamics 

Pattern shop Materials testing 

Power Hydraulics 

Mechanics _—_ Electric circuits and machinery 


The term Agricultural Engineering 
course is considered to be a course of 
instruction in engineering as applied to 
agriculture, of equal technical strength 
and quality to that of the recognized 
courses in mechanical, electrical and 
civil engineering. _ 

At this point it might be well again 
to examine a definition of engineering 
in general and one which might prop 
erly apply to agricultural engineering 


in particular. 


Dr. Doherty, President of Carnegie 
Institution of Technology, defines en 
gineering as follows: “Engineering is 
the art based primarily upon training 
in mathematics and the physical sc- 
ences, of utilizing economically, the 
forces and materials of nature for the 
benefit of mankind.” 

With the thought of adapting this 
excellent definition to the specific field 
of agricultural engineering, one might 
say—Agricultural Engineering is the 
art of utilizing economically the forces 
and materials of nature for the benefit 
of mankind, with particular considera 
tion of the biological, physiological and 
physical factors peculiar to living things 
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which are encountered in agricultural 
production and processing. 

The objective of an educational pro- 
gram in agricultural engineering is to 
train individuals to make use of the 
principles of physics, chemistry, man- 
agement, etc., for the betterment of 
mankind, in the field of agriculture. 
The experience of the older engineer- 
ing groups can be of invaluable as- 
sistance to agricultural engineers. It 
is important to consider, however, that 
each of the branches of engineering has 
its own special needs and, therefore, a 
wise and careful selection of courses 
must be made. One must not blindly 
take courses which were set up for 
electrical engineers dealing with large 
power plants for example and, without 
change, give them to agricultural en- 
gineers. 

One great difference between agri- 
cultural engineering and other large 
engineering groups is that the agricul- 
tural engineer deals more directly with 
growing, living things. Therefore, he 
must have an understanding of biology 
and perhaps bacteria; soil physics, for 
example, would be a waste of time for 
an electrical engineer. A further great 
difference between the agricultural en- 
gineer is that he is often called upon 
to deal with items where no definite 
mathematical analysis can be made— 
for example, in development of tillage 
equipment—the variability of soil fac- 
tors, the difference in the growth fac- 
tors of plants, may all affect his results. 
This results in a need for a greater use 
of the mathematics of statistics in eval- 
uating results. 

Good judgment is also a most im- 
portant characteristic which is needed 
perhaps to a greater extent in agri- 
cultural engineers than in others. In 
order to develop it, a thorough and 
broad training in the basic engineering 


subjects plus experience is needed. In 
a way, the training of an agricultural 
engineer should approach that of a 
combination of the engineer and the 
doctor of medicine. It must give a 
great fund of basic knowledge plus a 
development in judgment which will 
enable one to arrive at the proper 
solution of a problem when some of 
the factors cannot be evaluated exactly 
by mathematical means. An appre- 
ciation of economics is vital to the 
agricultural engineer. The realization 
of these needs has resulted in a serious 
effort on the part of agricultural en- 
gineering departments to make two 
important moves recently. 

The first is to re-evaluate the basic 
engineering training given to agricul- 
tural engineers and attempt to improve 
this part of their teaching program. 

The second is a greater emphasis on 
graduate work. There is a definite 
increase in the number of graduate 
students in agricultural engineering. 
More institutions are considering giv- 
ing work leading to the degree, Doctor 
of Philosophy, with a major in agricul- 
tural engineering. Michigan State Col- 
lege has recently set up a program 
leading to the degree, Doctor of Philos- 
ophy. 

The world demand for mechaniza- 
tion of agriculture is so great and the 
possibility for improving world society 
through this means is so promising 
that time and effort necessary to prop- 
erly train agricultural engineers are 
fully justified. 

Agricultural engineers are needed 
who are especially strong in the. fol- 
lowing: 

1. General education 

2. Training in basic engineering 
courses 

3. Training in agricultural engi- 
neering courses 
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4. Initiative 

5. Inquisitiveness 

6. Ability to get along with people 
7. Stick-to-it-ive-ness. 


Use oF FUNDAMENTAL ENGINEERING 


COURSES 


One might consider in building an 
educational program that it is some- 
what similar in principle to that of 
building a brick wall. The bricks 
which are the solid substantial load 
carrying elements, correspond to the 
mathematics, mechanics, thermodynam- 
ics, hydraulics, drawing, materials, 
farm machinery, soils and the like. 
The mortar, having for its purpose the 
holding together of the basic elements, 
corresponds to the English, the sociol- 
ogy, the training in living—these are 
the elements which enable the engineer 
to make use of the basic and more 
rigid part of the structure. 

In the building of a wall, it is al- 
ways necessary to shape some of the 
bricks in order to give the wall a 
finished look and to make it fit exactly 
to needs. This very thing is done in 
building a curriculum. The basic 
courses are augmented by special 
courses dealing with exact needs of 
the program. Thus, there are courses 
in farm machinery, rural electrifica- 
tion and the like, employing basic en- 
gineering principles adapted to a spe- 
cific purpose, as mentioned in the 
definition. 

Although in the topic of this paper 
the principal reference is to basic engi- 
neering courses, yet it is important to 
mention that the so-called agricultural 
engineering subjects such as farm 
power, rural electrification and farm 
machinery must be of a high caliber, 
in no way inferior to the “basic” sub- 
jects. There is every reason to justify 
as much mathematical and technical 
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treatment of the subject of farm ma- 
chinery for example as for the subject 
of mechanics or electrical machinery. 
Agricultural engineers need to consider 
stresses, strains, motions, metallurgy, 
heat balance, coefficients of friction and 
similar type matters in connection with 
their studies of individual machines, 

It is the problem, then, of the agri- 
cultural engineering departments to 
take the basic engineering courses, add 
to them, adjust and shape where nec- 
essary and thereby use them to build 
the ideal course. 

Certain of these courses such as 
thermodynamics, analytics and strength 
of materials can be given in exactly 
the same form as for electrical, me- 
chanical or civil engineering students, 
thereby attaining a certain degree of 
standardization. 

As the number of agricultural engi- 
neers increases, in the different schools, 
it will probably be possible to. give 
some courses such as engineering draw- 
ing and perhaps certain courses like 
electrical engineering, made up of agri- 
cultural engineering student sections 
only. This will enable the instructor 
to assign problems that are more di- 
rectly related to agricultural engineer- 
ing, but still employing all the basic 
principles. 

A review of the needs of agricul- 
tural engineers indicats that, in the 
future, much more attention must be 
given to heat transfer, metallurgy, hy- 
draulics and kinematics than in the 
past. The importance of the farm 
structures work suggests also that 
great emphasis needs to be placed upon 
such courses as strength of materials, 
engineering drawing and concrete. 

Analysis of the curriculum in Agri- 
cultural Engineering at Michigan State 
College shows the following use of 
basic engineering courses: 
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TABLE I 


Basic ENGINEERING SUBJECTS IN AGRICULTURAL ENGINEERING CURRICULUM, 
MICHIGAN STATE COLLEGE 


Courses Credits Year 
Memeraatina LER CURING 55015-65059 Frirwig.s 3 cso giv hias © 6 Freshman 
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(i UR RG neg inched at eine acted ee 3 Junior 
Materials Testing 2653-00002. IO fi. ee Junior 
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Menute Dirariie, Filiats yok ss. (aap iee ena. 3 Senior 
Heat Power Engineering.............-........ 4 Senior 
Meee Oe FG. CCHS, os 5 5 eh has cence 3 Senior 
Pic. and AC. Machmery: 22252200050. 2 0... 3 Senior 
PHS OMONIM Sri Said. So Sale fa » HIRE AN Ss hint seer Freshman 

52 

Fields of Study Credits Desirable Electives 

WG ea ila Siats tin eile ohn. < 9 18 Cr. available—Jr. and Sr. years 
ETE ONC NID 8 5 is! 5,2 Vein einj a eheead, Suk «= 3 6 
Rh cca Mees cia ctu es bones sige is ones al 8 jf Se ae rteeey a 
SRC Sera Bl ed Dats Salk hghait tt Re Grape 11 2. PRENENOE SS oS 3 
ig SRI Fe I Sa i Se A: a a ae 8 3 Temp. Control 
RRR era ear a ase bs - 3 Pressure Measurement 
RT iS oes thee wild copa tne auc eatioae atts 6 3. Management............ 3 
MM NONIOR 6S a oY Lo as > Se kee es 3 Industrial Engineering 
a a en ARI sll acted capri ea gir 3 Farm Management 


AGRICULTURAL ENGINEERING SUBJECTS IN AGRICULTURAL ENGINEERING CURRICULUM, 
MICHIGAN STATE COLLEGE 


Courses Credits Year 
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Note that the number of credits in 
the various engineering fields is quite 
uniformly distributed with the excep- 
tion of hydraulics. It would be very 


desirable if time permitted, to include: 


in this curricula courses in metallurgy, 
instruments, and management. These, 
however, can be taken as an elective, 
if the student desires, since he is al- 
lowed 18 credits elective in the Junior 
and Senior years. 

A total of 216 credits are required 
for graduation. Of these, 52 credits 
are required in basic engineering 
courses in addition to 4 quarters of cal- 
culus and one year of physics. Twenty- 
five credits are required in so-called 
Agricultural Engineering courses. 
Twenty-four credits are required in 
the field of general agriculture. This 
arrangement thus gives a total of 77 
credits out of 216 required, in the field 
of engineering, and 74 of this number 
are of basic engineering type, such as 
are included in civil, mechanical and 
electrical engineering curricula. 

In making a selection of courses in 
a curriculum it is always necessary to 
compromise between what is possible 
and what is desirable. There is no 
question about the need for more basic 
engineering courses in metallurgy for 
example or in machine design; how- 
ever, it is probably better for the stu- 
dent who is capable of effectively using 
further training to go to school a fifth 
year, to obtain either another B.S. de- 
gree or a Master’s degree, and at the 
same time specialize in some branch of 
his chosen field. 

It is felt that a large share of the 
basic engineering training, to be most 
effective, should be given in the Junior 
and Senior years, because of the need 
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for prerequisites of mathematics and 
physics. It is also believed that the 
basic engineering courses taken should 
be of as fundamental nature as is pos- 
sible, though tempered with sufficient 
practical applications to maintain the 
student interest and enable him to 
orient the course with his problems in 
agricultural engineering. 

In conclusion, it is suggested that 
the engineering needs of modern agri- 
culture demand that the agricultural 
engineering curriculum be strong in 
basic technical engineering subjects; 
this is in order that graduates be pre- 
pared to carry out effective application 
of engineering principles to highly tech- 
nical phases of modern agriculture. 

The agricultural engineer must also 
have good basic training in mathe- 
matics, physics and soils, as well as in 
those branches of education which en- 
able him effectively to express himself 
in either writing or in speech, and to 
fit smoothly into his place in society. 

It is suggested that 25 per cent of 
this technical course in agricultural 
engineering should consist of the same 
basic engineering subjects which are 
taken by mechanical, civil and electri- 
cal engineers. Where size of class 
warrants, special sections of these 
classes may be held for agricultural 
engineers. 

Opportunities should be provided 
either through a 5-year curriculum of 
through graduate work, for effective 
further specialization in specific fields 
of agricultural engineering. 

The purpose of agricultural engi- 
neering training is service to the agri- 
cultural industry. 

Agriculture needs many more well 
trained agricultural engineers. 
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The Situation in Engineering* 


By H. H. ARMSBY 
Specialist in Engineering Education, U. S. Office of Education 


This profession has grown so rapidly engineering graduates, and there was 
that whatever overcrowding has oc- _ still a shortage when, late in 1945, the 
curred in the past has been due more American Society for Engineering Ed- 
to an oversupply of new entrants than ucation appointed a committee to re- 
to a decline in the number of engineer- port on “The Outlook in the Demands 
ing positions. for and Supply of Engineering Grad- 

The number of employed engineers  uates.” 
more than trebled between 1910 and In its report, rendered in June 1946, 
1940, increasing by roughly 15 per this committee estimated that if the 
cent even in the decade of the thirties, engineering colleges were to enroll 
when total non-agricultural employ- 155,000 students per year (which was 
ment rose only 9 per cent. However, 37 per cent above their previous peak 
during the depression years the number enrollment of 113,500 in 1942-43, and 
of engineering graduates exceeded the was thought to be their capacity), if 
number of available engineering posi- pre-war “student mortality” rates pre- 
tions, and the 1940 census found 15,000 _—-vailed, and if all engineering graduates 
unemployed engineers and many engi- enter the profession, the nation’s needs 
neering graduates who had gone into for engineers could be met by 1952. 
other kinds of work. This estimate assumed a total employ- 

World War II created an enormous ment of 5714 million persons in 1950 
demand for engineers, and it is esti- and thereafter, and further assumed 
mated that 50,000 persons other than that the ratios of engineers to total 
new college graduates were employed employment in the industries employing 
in engineering positions during the war. the great majority of engineers would 
In addition there were nearly 57,000 remain at their 1940 values. 
graduates from engineering colleges Actually, these ratios have increased 
from June 1940 through June 1945. in every decade since 1880—from 131 
However, the demands for engineers, per 100,000 workers in that year to 
due to the war and later to reconver- 1,282 per 100,000 in 1940, and there are 
sion, were greater than the supply of many valid reasons, some of which were 
pointed out in the report, for expecting 

*A statement submitted to the President's them to continue to rise, although at a 
Commission on Higher Education by Henry reduced rate of increase. One of the 
a i. U.S. Office of Education, acting striking trends brought out by the com- 
x ton man eter the Eresident's Com ittee’s study of industrial needs was 

the increased dependence of industry 


mittee. The report was revised by the Com- P ; : 
mission for official government publication. upon engineering and the greatly in- 
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creased emphasis on research and de- 
velopmental work in industry. If any 
such national program of basic research 
is developed as that contemplated for a 
National Science Foundation, it will 
create a still greater need for industrial 
developmental research, to implement 
the discoveries which will flow from the 
basic research sponsored by the Foun- 
dation. This developmental research 
will demand the services of large num- 
bers of highly trained engineers, many 
at the graduate level. 

Furthermore, not all engineering 
graduates enter the profession, and 
many of those who do enter it transfer 
later to other activities, notably to ex- 
ecutive and administrative positions. 

In view of these facts, it was recog- 
nized by the committee that its estimate 
of the nation’s need for engineering 
graduates was “likely to be conserva- 
tive.” Since the date of the report total 
employment, as already stated, has 
reached 61 million, and is expected to 
reach 66 million by 1956. Comparing 
these figures with the 5714 million used 
by the committee seems to indicate quite 
definitely that their estimate was too 
small. 

However, the enrollment in engineer- 
ing colleges in the fall of 1946 was 
about 222,000, or nearly 50 per cent 
over the estimate of the committee, and 
a study by the U. S. Office of Educa- 
tion in the spring of 1947 found that 
77,000 students in other colleges ex- 
pected to become candidates for engi- 
neering degrees at a later date. 

This great increase in engineering 
enrollment over that anticipated by the 
committee led in 1946 to the appoint- 
ment by the ASEE of its “Manpower 
Committee,” to continue and to refine 
the appraisal of supply and demand in 
the profession—a procedure which 
might well be emulated by other pro- 
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fessions. An interim report of this 
committee indicates that the supply of 
engineering graduates may exceed im. 
mediately available engineering pogi- 
tions by June 1950, or perhaps 1949 
and that if enrollments continue at their 
present level, this condition may con- 
tinue in later years. 

It is a basic thesis of this Commis. 
sion that the program of higher educa- 
tion in this country should be broad. 
ened, that a higher percentage of our 
youth should attend college, in order 
that the general level of cultural train. 
ing in our country may be raised. In 
this expansion all fields of education 
should share. The fundamental ob 
jective must be the preparation of in- 
telligent citizens, able to understand 
their environment and to participate in 
its improvement. 

Today, and increasingly in the future, 
much of this environment and its im- 
provement depend upon the work oj 
the scientist and the engineer. This 


_undoubtedly accounts in part for the 


widespread interest in engineering ed- 
ucation among our youth, which leads 
such numbers to enroll in our engineer- 
ing colleges. 

Another factor contributing to large 
engineering enrollments is that engi- 
neering education has long been recog- 
nized as having great value as general 
education, as a good foundation for 
work in almost any profession. This 
is undoubtedly due to its rigorous 
discipline in careful, accurate, thorough 
work, and to its inculcation of the s¢i- 
entific method of thought, the method 
of basing conclusions on facts rather 
than on prejudices—of attempting to 
find out what is true and to live in ac 
cordance with the facts. With this 
foundation engineers have turned to 
many other professions, frequently with 
great success. 
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The engineering profession has long 
appreciated the fact that engineering 
education should not be merely a pro- 
gram of technical and vocational train- 
ing, that the profession needs men who 
can intelligently use the scientific 
method in dealing with matters of pub- 
lic policy and with problems of human 
relations as well as with problems of 
utilizing the materials and forces of 
nature—men who will realize the social 
obligations of their profession—men 
who will be “engineering statesmen.” 
This realization has led the engineering 
colleges to a careful and thorough re- 
examination of their curricula and has 
resulted in a decided trend toward the 
inclusion of more humanistic and social 
studies in engineering curricula, in 
some cases by the addition of a fifth 
year, in others by reducing the amount 
of time devoted to technical and en- 
gineering subjects. 

The possible future surplus of en- 
gineering graduates over immediately 


available engineering positions empha- 
sizes a continuing need for such exami- 
nation and revision of curricula by the 
engineering colleges. It also empha- 
sizes the imperative need of a thor- 
oughgoing program of guidance and 
selection of prospective college students, 
especially prospective engineering stu- 
dents, so that they may understand 
the requirements of the profession, 
the employment opportunities in it, and 
the possibilities of utilizing an engi- 
neering education as general education 
for citizenship. Sucha program has had 
the serious attention of the engineering 
profession for many years, and is at 
present a matter of live and deep con- 
cern to the engineering colleges, faced 
as they are with the many problems 
stemming from enrollments swollen 
far beyond all past experience; prob- 
lems of selection, guidance, procure- 
ment of staff and facilities, as well as 
of curricula. 
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40th St, N. Y. C. 18. Burgess Jennings, 
Wm. Allan. 

Tutte, Rosert E., Instructor in English 
and Coordination, General Motors Insti- 
tute, Flint, Mich. C. A. Brown, A. J. 
Fear. 

VaALey, JoHN R., Assistant Dean, Case In- 
stitute of Technology, Cleveland, Ohio. 
O. M. Stone, W. E. Nudd. 

VELINE, Raymonp A., Instructor in Elec- 
trical Engineering, Iowa State College, 
Ames, Iowa. W. L. Cassell, M. S. Coover. 

Wa ten, M. G., Administrator, Humanities, 
Associate Professor of English, College of 
the City of New York, New York City. 
J. S. Peck, J. R. White. 

Watkins, Farrrax E., Associate Professor 
of Engineering Drawing, Ohio State Uni- 
versity, Columbus, Ohio. R. S. Paffer- 
barger, C. E. MacQuigg. 

Wutr, Hurst E. J., Associate Professor, 
Lawrence Institute of Technology, High- 
land Park, Mich. L. C. Bagley, G. A 
Hendrickson. 

ZarET, MattHew E., Instructor in Electri- 
cal Engineering, Newark College of En- 
gineering, Newark, N. J. P. C. Shedd, 
F. A. Russell. 

Zucrow, Maurice J., Professor, Gas Tur 
bines and Jet Propulsion, Purdue Univer- 
sity, Lafayette, Ind. H. L. Solberg, D. &. 
Clark. 


833 new members elected this year 
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Final Program 


FIFTY-SIXTH ANNUAL MEETING 


AMERICAN SOCIETY 
FOR 


ENGINEERING EDUCATION 


University of Texas, June 14-18, 1948 


PROGRAM 


Monday, June 14, 1948 
9:00 A.M. Registration. 
2:00 P.M. Conferences. 


6:00 P.M. Dinner Meeting, General Coun- 
cil, English Room, Texas Union. 

Dinner Meeting, Wives of Council Mem- 

bers, Queen Anne Room, Texas Union. 


Friday, June 18, 1948 


7:30 A.M. Breakfast Meeting, General 
Council (old and new members), Co- 
lonial Room, Driskill Hotel. 


GENERAL SESSIONS 
Tuesday, June 15, 1948 
9:00 A.M. Registration, Texas Union. 


10:00 A.M. First general session, Hogg 
Auditorium, C. E. MacQuigg, Presi- 
dent, presiding. 

Address: T. S. Painter, President, Uni- 
versity of Texas. 

C. J. Freund, Vice President, presiding. 

Presidential Address. C. E. MacQuigg, 
President of the Society; Dean, Engi- 
neering College, The Ohio State Uni- 
versity. 

Difficulties Young Men Contend With. 
Clarence E. Davies, Secretary, Ameri- 
can Society of Mechanical Engineers. 

Role of Technical Institutes in American 
Education. Lawrence J. Jarvie, Asso- 

New York State 


ciate Commissioner, 
Education Dept. 


* 8:00 P.M. 
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2:00 P.M. Conferences. 


6:00 P.M. Barbecue-Frolic, 
Springs. 
Wednesday, June 16, 1948 
10:00 A.M. Second general session, Hogg 
Auditorium. Sponsored by the Engi- 
neering College Research Council. F. 
M. Dawson, Vice President, presiding. 

New Research Problems Confronting En- 
gineers. 

Problems and Importance of High Tem- 
perature Steel Metallurgy, C. T. Evans, 
Elliott Co 

Cancer Research Needs Engineers, J. H. 
Teeter and C. P. Rhoads, American 
Cancer Society. 

2:00 P.M. Conferences. 


International Guest Night, 105 
Home Economics Building. 


8:00 P.M. Conferences 


Thursday, June 17, 1948 


10:00 A.M. Third general session, Hogg 
Auditorium. Sponsored by the Engi- 
neering College Administrative Council. 
S. S. Steinberg, Vice President, presid- 


Barton 


Report of Committee on Manpower—In- 
dustrial Needs and Predictions of Num- 
ber of Engineering Graduates in the 
Next Four Years, M. M. Boring, Gen- 
eral Electric Company, Chairman. 

Accrediting of Graduate Engineering Pro- 
grams, S. C. Hollister, Cornell Uni- 
versity. 
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Cooperation in Engineering Education Be- 
tween Government Laboratories and En- 
gineering Colleges, Joseph Hilsenrath, 
Naval Ordnance Laboratory. 


Function and Operation of Technical In- 


stitutes, Morris R. Graney, Purdue- 
University. 
Discussion: 
P. S. Donnell, Oklahoma A. & M. Col- 
lege. 


2:00 P.M. Conferences. 


7:00 P.M. Annual dinner (informal) 
Main Lounge, Texas Union Building. 
C. E. MacQuigg, President, presiding. 

Paricutin, Mexico’s Newest Volcano. (Il- 
lustrated Lecture.) F. Bullard, Uni- 
versity of Texas. 

Presentation of the Lamme medal. 

Presentation of the George Westinghouse 
award. 

Resolution to the University of Pitts- 
burgh. 

Election of officers. 


Friday, June 18, 1948 


10:00 A.M. Fourth general session, Hogg 
Auditorium, B. J. Robertson, Vice Presi- 
dent, presiding. 

Postgraduate Education for U. S. Navy 
Personnel. Capt. H. A. Spanagel, Super- 
intendent of Post-Graduate School, U. 
S. Naval Academy. 

International Contacts for Engineering 
Educators. James S. Thompson, Treas- 
urer of the Society. 

Some Aspects of Engineering Education 
in Canada, L. F. Grant, President of 
Engineering Institute of Canada and 
Associate Professor of Queen’s Univer- 
sity. 

Current Developments in the Army-Col- 
lege Training Plans. Major General 
E. S. Bres, U. S. Army. 


12 M. Adjournment. 


ENGINEERING COLLEGE ADMIN- 
ISTRATIVE COUNCIL 
S. S. Steinberg, President, University of 
Maryland. 
J. H. Lampe, Secretary, North Carolina 
State College. 


Thursday, June 17, 1948 
10:00 A.M. Hogg Auditorium, 
Steinberg, President, presiding. 


Report of Committee _on Manpower—In- 
dustrial Needs and Predictions of Num- 
ber of Engineering Graduates in the 


Be 8. 
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Next Four Years, M. M. Boring, Gen- 
eral Electric Company, Chairman, 

Accrediting of Graduate Engineering Pro- 
grams, S. C. Hollister, Cornell Univer- 
sity. 

Cooperation in Engineering Education Be- 
tween Government Laboratories and En- 
gineering Colleges, Joseph Hilsenrath, 
Naval Ordnance Laboratory. 

Function and Operation of Technical In- 
stitutes, Morris R. Graney, Purdue Uni- 
versity. 


Discussion : 
P. S. Donnell, Oklahoma A. & M. Col- 
lege. 


e 
2:00 P.M. Room 14, Geology Building, 
Committee on Secondary Schools, L. M. 
K. Boelter, University of California, 
presiding. 
Round Table Discussion: 
Relations Between Engineering Schools 
and Secondary Schools. 
Moderator: H. H. Armsby, U. S. Of 
fice of Education. 
Recorder: W. D. Turnbull, Ohio State 
University. 
Other round table members to be an- 
nounced. 


ENGINEERING COLLEGE RE- 
SEARCH COUNCIL 


F. M. Dawson, President, State University 
of Iowa. 
J. I. Mattill, Secretary, State University ef 
Iowa. 
Administrative and Committee Meetings 
ing Room 208, Union Building. 


Monday, June 14, 1948 
8:00 P.M. Room 14, Geology Building, 
F. M. Dawson, President, presiding. 
Joint Session with Mechanical Engineer 
ing Division. 
Research Being Done in Mechanical En- 
gineering Departments: 
On the Pacific Coast, L. M. K. Boelter, 
University of California. 
In the Middle West, G. A. Hawkins, 
Purdue University. 
On the East Coast, E. N. Kemler, New 
York University. 


Wednesday, June 16, 1948 


10:00 A.M. Hogg Auditorium, 
Dawson, President, presiding. 
New Research Problems Confronting Er 
gineers. 


F. M 
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Problems and Importance of High Tem- 
perature Steel Metallurgy, C. T. Evans, 
Elliott Co. 


Cancer Research Needs Engineers, J. H. 
Teeter, American Cancer Society, and 
C. P. Rhoads, Sloan-Kettering Institute. 


Future Aspects of Science, Robert D. 
Coghill, Abbott Research Laboratories. 


2:00 P.M. Room 14, Geology Building, 
Paul Cloke, University of Maine, pre- 
siding. 

Regional Reports on Engineering Activi- 
ties : 

Fish Smoking by Electrostatic Precipi- 

tation, A. S. Hill, University of Maine. 


Engineering Research in the Southeast, 
W. G. Van Note, North Carolina 
State College. 


Research in the Petroleum Industry, G. 
Herzog, The Texas Company. ' 


Engineering Experiment Station and Its 
Relation to a Graduate Program, F. B 
Farquharson, University of Washing- 
ton. 
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Engineering Research at Major Institu- 
tions in the Midwest, W. L. Everitt, 
University of Illinois. 


6:00 P.M. Dinner, 
Room, Texas Union, F. M. 
President, presiding. 

Annual business meeting. 
Administrative Reports of Officers and 
Committees. 


8:00 P.M. Room, 14, Geology Building, 
W. A. Lewis, Illinois Institute of Tech- 
nology, presiding. 

Administration of Research in the College 
or Small University. 

Administration of Sponsored Research at 
Moore School of Electrical Engineer- 
ing, Irven Travis, University of Penn- 
sylvania. 

Administration of Sponsored Research at 
Northwestern Technological Institute, 
P. E. Klopsteg and J. F. Calvert, North- 
western University. 

Administration of Sponsored, Fundamental 
Research at California Institute of Tech- 
nology, F. C. Lindvall, California Insti- 
tute of Technology. 


International Ball 
Dawson, 


CONFERENCES 


AERONAUTICAL ENGINEERING 


D. W. Dutton, Chairman, Georgia School 
of Technology. 


H. S. Stillwell, Secretary, University of 
Illinois. 


Tuesday, June 15, 1948 


2:00 P.M. 108 Geology Building G. L. 
Von Eschen, Ohio State University, 
presiding. 


The Research Challenge in Aircraft Struc- 
tures for the Universities. S. B. Bat- 
dorf, National Advisory Committee for 
Aeronautics. 


Aircraft Dynamic Research and the Uni- 
versities. B.. Smig, US ASE, 
Wright Field. 


Electronics in Aeronautical Research. A. 
Krausz, Curtiss-Wright Corp. 


Aerodynamic Research at the Naval Ord- 
nance Laboratory at White Oak, Mary- 
land. R. J. Seeger, Naval Ordnance 
Laboratory. 


The Universities and Research in Aircraft 
Propulsion. Speaker to be announced. 





Wednesday, June 16, 1948 


12:30 P.M. Luncheon, Small Dining 
Room, Home Economics Tea House, D. 
W. Dutton, Georgia School of Tech- 
nology, presiding. 

Program to be announced. 

2:00 P.M. 108 Geology Building, C. N. 
Sanford, Iowa State University, pre- 
siding. 

High Speed Aerodynamics in the Under- 
graduate Curriculum. H. W. Sibert, 
University of Colorado. 


Personnel Needs of the Aeronautical In- 
dustry. G. R. Graetzer, U.S.A.F.T.I. 


Training for Aerophysics Research. R. J. 
Seeger, Naval Ordnance Laboratory. 


General Usefulness of the Aeronautical 


Engineering Curriculum. E. F. Bruhn, 
Purdue University. 
Discussion : 
P. Warsett, North Dakota Agricultural 
College. 


J. F. Reagan, Parks College of Aero- 
nautical Technology. 

E. K. Smith, University of Detroit. 

K. Razak, University of Wichita. 
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AGRICULTURAL ENGINEERING 


A. W. Turner, Chairman, U. S. Dept. of 
Agriculture. 


H. J. Barre, Secretary, Purdue University. 
Monday, June 14, 1948 


12:30 P.M. Luncheon, 
Cafeteria Annex. 


2:00 P.M. Room 307, Architectural Build- 
ing. Program to be announced. 


Dining Room, 


ARCHITECTURAL ENGINEERING 
J. J. Pollard, Chairman, University of Texas. 


Monday, June 14, 1948 


8:00 P.M. 307 Architecture Building, J. 
J. Pollard, University of Texas, pre- 
siding. 

Report on Curricula, Publications, and 
Relations with ECPD in Connection 
with Architectural Engineering. R. M. 
Gerhardt, Pennsylvania State College. 


Report on Architectural Engineering Ac- 
creditment by NAAB and ECPD. L. 
B. Smith, University of Nebraska. 


Report on Registration of Architectural 
Engineers. A. E. Fitch, Washington 
University. 

Report on Attitude of Local, State, and 
National Civil Service Boards Toward 
Recognition of Architectural Engineers. 
C. H. Black, Missouri School of Mines. 


Tuesday, June 15, 1948 


12:30 P.M. Luncheon, Queen Anne 
Room, Texas Union, T. K. Fitz Patrick, 
Iowa State College, presiding. 


Report on Petition for Division Status. 
Nomination and election of officers. 


2:00 P.M. 307 Architecture Building, J. 
J. Pollard, University of Texas, pre- 
siding. 

Report on Junior College and Technical 
Institute’s Instruction of Architectural 
Engineering. L. R. Blakeslee, Univer- 
sity of Detroit. 


Report on Relations of Architectural En- 
gineering with ACSA and AIA. K. A. 
Henning, North Dakota State College. 


Report on Membership and Preparation 

of Directory of Teachers of Architec- 
ture and Architectural Engineering. J. 
J. Pollard, University of Texas. 
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Wednesday, June 16, 1948 


6:00 P.M. Dinner, Queen Anne Room 
Texas Union, J. J. Pollard, University 
of Texas, presiding. 


Business meeting. 


CHEMICAL ENGINEERING 


R. A. Ragatz, Chairman, University of Wis 
consin. 


F. M. Taylor, Secretary, Tulane University, 


Tuesday, June 15, 1948 


2:00 P.M. Room 301, Geology eA oe 
J. D. Lindsay, A. & M. College of 
Texas, presiding. 


The Graduate Program in Chemical En- 


gineering : 
The Opportunity for Furthering Re 
search in Chemical Engineering 


Through a Department of Engineer. 
ing Researchh W. G. Van Note, 
North Carolina State College. 

The Engineering Experiment Station as 
a Stimulus to the Graduate Program 
R. A. Morgen, University of Florida 

Introducing Nucleonics into the Grat- 
uate Program in Chemical Engineer- 
ing. R. M. Boarts, University of 
Tennessee. 

The Unit Operations Laboratory as Op 
erated at the University of Texas 
(Not Pertaining to Graduate Study.) 
J. J. McKetta, Jr. 


Wednesday, June 16, 1948 


12:30 P.M. Luncheon, Main Dining 

Room, Home Economics Tea House, 8 

A. Ragatz, University of Wisconsis, 
presiding. 

Annual Business Meeting of the Division 


2:00 P.M. Room 301, Geology Building, 
R. A. Ragatz, University of Wisconsin, 
presiding. 

Selecting the Undergraduate Engineer. 
G. L. Bussard, E. I. duPont de Nemours 
and Company, Wilmington, Del. 

What the Industry Expects from. tht 
Graduate Engineer. R. W. McCool, 
Montsanto Chemical Co., St. Louis, Mo 

Teaching Fundamentals for a Variel 
Chemical Industry. K. A. Kobe, Uni 
versity of Texas. 

Coordination of Research Projects with 
Local Industries. J. D. Lindsay, A.¢ 

M. College of Texas. 
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6:00 P.M. Dinner, Maximillion Room, 
Driskill Hotel, R. A. Ragatz, Univer- 
sity of Wisconsin, presiding. 

The Development and Future of Chemical 
Industry in Texas. E. P. Schoch, Uni- 
versity of Texas. 


CIVIL ENGINEERING 


S. T. Carpenter, Chairman, Swarthmore 
College. 


R. E. Fadum, Secretary, Purdue University. 


Monday, June 14, 1948 


2:00 P.M. Room 15, Chemistry Build- 
ing, S. T. Carpenter, Swarthmore Col- 
lege, presiding. . 

Welcome Address. E. C. H. Bentel, Uni- 
versity of Texas. 

Business Session—Election of Officers and 
Report of By-Laws Committee. 

Chairman of Meeting: E. H. Gaylord, 
Ohio University. 

Some Problems of Civil Engineering Edu- 
cation. Park, University of 
Arizona. 

Placement in Our Profession. A. L. 
Miller, University of Washington. 

Report of Sub-committee on Facilities for 
Graduate Work. 

Report of Sub-committee on Four vs. Five 
Year Curricula. 


6:00 P.M. Dinner, Main Dining Room, 
Home Economics Tea House, S. T. 
Carpenter, Swarthmore College, presid- 
ing. 

Introduction. 
Texas. 


The Land Surveyor in the Development 
of Texas. B. Giles, Texas General 
Land Office. 


Tuesday, June 15, 1948 

2:00 P.M. Room 105, Home Economics 

Building, Meeting arranged by Commit- 

tee No. 5 Applied Hydraulics. C. S. 

Camp, University of Tennessee, pre- 
siding. 

Report on Survey of Hydraulics and Fluid 
Mechanics Courses in Civil Engineering 
Curriculum. M. Bogema, Cornell Uni- 
versity. 

Discussion : 

W. L. Moore, University of Texas. 
H. W. Wood, University of Missouri. 
Hydraulic Problems in Irrigation. C. L. 
Barker, State College of Washington. 


J. A. Focht, University of 


2:00 P.M. Room 15, 
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Discussion: M. L. Albertson, Colorado 
A. & M. College. 

A Course in Hydrology for Civil En- 
gineers. W. Wood, University of 
Missouri. 


Wednesday, June 16, 1948 


12:30 P.M. Luncheon, International Ball 
Room, Texas Union. 


2:00 P.M. Room 15, Chemistry Building, 
G. H. Dunstan, University of Alabama, 
presiding. 

Joint Session with Industrial Hygiene, 
Safety and Fire Prevention: 

Report of the Committee on Industrial 
Hygiene, Safety and Fire Prevention. 
G. H. Dunstan, University of Ala- 
bama. 

Safety in Construction. W. N. Cox, Jr., 
Georgia School of Technology. 

Activities of the Committee on Coop- 
eration with Engineering Colleges, 
American Society of Safety Engi- 
neers. J. C. Stennett, National As- 
sociation of Mutual Casualty Com- 
panies, Chicago III. 

The Contribution of Colleges of Engi- 
neering to the Training of the a 
Engineers of Tomorrow. 

Boelter, University of California. 

Industrial Sanitary Engineering. G. W. 
Reid, Georgia School of Technology. 

Report of the Sanitary Engineering 
Committee, Civil Engineering Divi- 


sion. G. H. Dunstan, University of 
Alabama. 
What is Sanitary Engineering? E. 


Boyce, University of Michigan. 
Graduate Study in Sanitary Engineer- 
ing. H. B. Gotaas, University of 
California. 
The MPH Program for Engineers. 
W. . Ingram, American Public 
Health Association, New York. 


8:00 P.M. Room 15, Chemistry Build- 
ing, W. H. Rayner, University of IIli- 
nois, presiding. 

Present and Future Activities of Commit- 
tee on Surveying and Mapping. W. H. 
Rayner, University of Illinois. 

Report on the Study of Summer Survey- 
ing Camps. R. C. Brinker, University 
of Southern California. 


Thursday, June 17, 1948 


Chemistry Build- 
ing, W. Raeder, University of Colorado, 
presiding. 





Joint Meeting with Mechanics Division: 
What Lines of Demarkation Should Be 
Recognized Between Advanced Courses 
in Civil Engineering and Advanced 
Courses in Mechanics. F. Kerekes, 
Iowa State College. 
Discussion : 
R. V. James, University of Oklahoma. 
P. W. Ott, Ohio State University. 
Program sponsored by Civil Engineering 
Mechanics Committee: 
Description of Soil Mechanics Labora- 
tory at Northwestern University. J. 
O. Osterberg Northwestern Univer- 
sity. 


COOPERATIVE ENGINEERING 
EDUCATION 


M. B. Robinson, Chairman, Fenn College. 
E. M. Harrison, Secretary, Southern Metho- 
dist University. 


Monday, June 14, 1948 


2:00 P.M. 1 Garrison Hall, H. A. Dan- 

gel, University of Cincinnati, presiding. 

Reconversion Problems and Opportunities 
in Cooperative Education. 

Brief Business Session. 

Election of Nominating Committee. 

A New Vista for Cooperative Engineer- 
ing. H. L. Minkler, Illinois Institute of 
Technology, and P. Vinet, George D. 
Roper Corporation, Rockford, II. 

Cooperative Standards and Criteria. J. 
M. Houchens, University of Louisville. 

Opportunities for Cooperative Training in 
Federal Service. H. H. Armsby, Spe- 
cialist in Engineering Education. 

What is the Optimum Load for a Coor- 
dinator? H. R. Bintzer, Drexel Insti- 
tute of Technology. 


6:00 P.M. Dinner, Dining Room, Cafe- 
teria Annex, E. H. Flath, Southern 
Methodist University, presiding. 

Gearing Education to Life. 

Report of Nominating Committee. 

The Engineer and the Needs of Industry. 
W. W. Finley, Guiberson Corporation, 
Dallas, Texas. 

Question and Discussion Period. 

8:00 P.M. Room, 15, Chemistry Build- 
ing, M. B. Robinson, Fenn College, 
presiding. 

Operating Problems and Procedures. 


508 FIFTY-SIXTH ANNUAL MEETING 


Discussion : 

How are we handling our current labor 
relations problems under the Taft. 
Hartley Act? 

To what extent do we need and nowy 
use definite scheduled training pro. 
grams as contrasted with temporary 
catch-as-catch-can types of co-op en- 
ployment? 

What effective procedures have bee 
developed for handling interviews be. 
tween graduating co-ops and visiting 
representatives from business and in. 
dustry ? 

What uses are being made or plannei 
for the leisure time of co-ops during 
terms or periods of employment? 

What forms have proved most useful o 
essential in the operation of cooper: 
tive programs? 

What employment and counseling sery- 
ice is available for co-op alumni in 
years following graduation? What 
follow-up is used? 

What techniques are used to stimulate 
the student’s study of his job and/or 
to coordinate theory and practice? 


Panel: 


Alex O. Taylor, Alabama Polytechnic 
Institute. 


H. C. Messinger, University of Cincin- 
nati. 


D. C. Hunt, University of Detroit. 


E. M. Harrison, Southern Methodist 
University. 


W. C. White, Northeastern University. 
R. J. Panlener, Marquette University. 
R. D. Landon, University of Akron. 


J. H. Williamson, University of Ter 
nessee. 





EDUCATIONAL METHODS 


A. G. Conrad, Chairman, Yale University 
E, A. Walker, Secretary, Pennsylvania Stat 
College. 


Monday, June 14, 1948 


2:00 P.M. Joint Meeting with Electric 
Engineering Division, 201 Physics Built 
ing, P. M. Honnell, Washington Uni 
versity, presiding. 

A Symposium on New Classroom at! 
Laboratory Techniques: 
Preparation of Charts and Nomogrami 
P. K. Hudson, University of Illinois 
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Utilization of Surplus War Equipment 
in the Educational Program. 3 
Honnell, Georgia School of Technol- 
ogy. 

Utilization of the Hectograph as a 
Teaching Aid. W. Evans, Washing- 
ton University. 

A Circuits Laboratory Program. G. B. 
Hoadley, Polytechnic Institute of 
Brooklyn. 

Visualization of Microwave Phenom- 
ena. . H. Nelson, University of 
Florida. 

An Electronics Panel for Instruction at 
the Introductory Level—with Demon- 
stration. P. M. Honnell, Washington 
University. 

A Dynamo Laboratory Test Table. 
W. E. Johnson, University of Florida. 

Training Aids in a Survey Course for 
Non-Electrical Engineers. Lt. Col. 
R. I. Heinlein, U. S. Military Acad- 
emy. 

Adaptation of the Westinghouse Indus- 
trial Electronics Equipment to College 
Laboratory Use. A. E. Salis, A. & 
M. College of Texas. 


Wednesday, June 16, 1948 


12:30 P.M. Luncheon, Queen Anne 
Room, Texas Union, J. F. Calvert, 
Northwestern University, presiding. 


2:00 P.M. Room 301, 
tory. 
Teaching Techniques: 
Some Thoughts on Training of Young 
Instructors. W. C. White and W. T 
Alexander, Northeastern University. 
Engineering Educator Examines Pub- 
lic School Teaching Techniques. E. 
K. Kraybill, Duke University. 
Training for Design and Engineering 
Development. J. F. Calvert, North- 
western University. 


8:00 P.M. B102 Engineering Building, 
H. R. Beatty, Pratt Institute, presiding. 
Joint Meeting with Electrical Engineering 
Division. 
Visual Aids: 
The Film—Tue MEcHANICS OF VIBRA- 
TION—as a Visual Aid in Teaching. 
J. J. Ryan, University of Minnesota. 
Visual Aids in Teaching Ultra High 
Frequency Techniques. F. E. Brooks, 
University of Texas. 


Biology Labora- 
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Thursday, June 17, 1948 


2:00 P.M. Room 307, Architecture Build- 
ing, E. A. Walker, Pennsylvania State 
College, presiding. 

Examinations : 

Measuring the Social Orientation of 
Freshman Engineers. . Speer, 
Illinois Institute of Technology. 

The Testing Program for the a 
Radar Courses of Harvard. G. 
Tatum, Johns Hopkins University. 

Effective Methods of Teaching Mathe- 
matics in an Engineering School. W. 
C. Krathwohl, Illinois Institute of 
Technology. 


ELECTRICAL ENGINEERING 


F. H. Pumphrey, Chairman, University of 
Florida 


E. W. Hamlin, Secretary, Cornell University. 


Monday, June 14, 1948 


2:00 P.M. Room 201, Physics Building, 
P. M. Honnell, Washington University, 
presiding. 

Joint Meeting with Educational Methods 

Division. 

A Symposium on New Classroom and 
Laboratory Techniques: 

Preparation of Charts and Nomograms. 
P. K. Hudson, University of Illinois. 

Utilization of Surplus War Equipment 
in the Educational Program. 5 
Honnell, Georgia School of Technol- 
ogy. 

Utilization of the Hectograph as a 
Teaching Aid. W. Evans, Washing- 
ton University. 

A Circuits Laboratory Program. G. B. 
Hoadley, Polytechnic Institute of 
Brooklyn. 

Visualization of Microwave Phenomena. 
P. H. Nelson, University of Florida. 

An Electronics Panel for Instruction at 
the Introductory Level—with Demon- 
stration. P. M. Honnell, Washington 
University. 

A Dynamo Laboratory Test Table. W. 
E. Johnson, University of Florida. 
Training Aids in a Survey Course for 
Non-Electrical Engineers. Lt. Col. 
R. I. Heinlein, U. S. Military Acad- 

emy. 

Adaptation of the Westinghouse Indus- 
trial Electronics ee to — 
Laboratory Use. E. Salis, A. & 
M. College of enn 
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Tuesday, June 15, 1948 


12:30 P.M. Luncheon, Main _ Dining 
Room, Home Economics Tea House, F. 
H. Pumphrey, University of Florida, 
presiding. 


Joint Session with the Physics Division 
ct 


and A.A 


Training for Government Research. M. 
H. Trytten, Washington, D. C. 


2:00 P.M. Room 1, Garrison Hall, F. H. 
Pumphrey, University of Florida, pre- 
siding. 

Comments on Student Branch Coopera- 
tion. J. F. Calvert, Northwestern Uni- 
versity. 

Subject to be announced. Dean F. E. 
Terman, Stanford University. 


Wednesday, June 16, 1948 


8:00 P.M. 102 Engineering Building, H 
R. Beatty, Pratt Institute, presiding. 


Joint meeting with the Educational Meth- 
ods Division. 


Visual Aids. 


The Film—TuHeE MEcHANICS OF VIBRA- 
TION—as a Visual Aid in Teaching. 
J. J. Ryan, University of Minnesota. 

Visual Aids in Teaching Ultra High 
Frequency Techniques. F. E. Brooks, 
University of Texas. 


ENGINEERING DRAWING 


F. A. Heacock, Chairman, Princeton Uni- 
versity. 


O. W. Potter, Secretary, University of Min- 
nesota. 


Monday, June 14, 1948 


12:30 P.M. Luncheon, International Ball 
Room, Texas Union, F. A. Heacock, 
Princeton University, presiding. 


Engineering eis 28 an Experience in 
Engineering. E. M. Griswold, Cooper 
Union. 

Report of Nominating Committee. J. 
Rising, Purdue University. 


Election of Officers. 


2:00 P.M. Room 14, Geology Building, 
F. A. Heacock, Princeton University, 
presiding. 

Joint Meeting with the Machine Design 
group of Mechanical Engineering Divi- 
sion. 
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Some Relationships between Descriptive 
Geometry and Mechanics and Mathe. 
matics. W. H. Taylor, University of 
Alabama. 

Preparing the Beginning Engineering Sty. 
dent in the Drawing Class for His 
Later Work in Machine Design. H. N, 
Tyson, California Institute of Technol. 
ogy. 


Standard Parts and Practices. A. W, 
Luce, Pratt Institute. 
Modern Dimensioning Practices. S. B, 


Elrod, Purdue University. 


Tuesday, June 15, 1948 


2:00 P.M. Room 14, Geology Building, 
Teaching Clinic on Engineering Drawing 
and Descriptive Geometry. 
W. H. McNeill, University of Texas, pre- 
siding. 
Members of Panel: 


H. C. Spencer, 
Technology. 


R. P. Hoekcher, University of Lllinois, 

F. G. Higbee, State University of Iowa. 

F, M. Warner, University of Washing- 
ton. 

J. T. Rule, Massachusetts Institute of 
Technology. 

J. Gerardi, University of Detroit. 

R. S. Paffenbarger,, Ohio State Uni- 
versity. 


Illinois Institute of 


Wednesday, June 16, 1948 


6:00 P.M. Dinner, Main Dining Room, 
Home Economics Tea House, W. H. 
McNeill, University of Texas, presiding. 

Drawing in Engineering Education. C. L. 
Svensen, Texas State Board of Regis- 
tration for Professional Engineers, 
Austin, Texas. 

Resolutions and other Business. 


8:00 P.M. Room 12, Biological Labora- 
tory, F. A. Heacock, Princeton Univer- 
sity, presiding. 

Visual Aid Models for Engineering Draw- 
ing and Descriptive Geometry. C. E 
Rowe, University of Texas. 

An Adaptable Teaching Model for Ortho- 
graphic Views. P. M. Mason, A. & M. 
College of Texas. 

A Rating Scale i Grading Engineering 
Drawings. . Kirkpatrick, Purdue 
University. 

Reports of Committees. 

Other Business. 
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FIFTY-SIXTH ANNUAL MEETING 


ENGINEERING ECONOMY 


Cc. E. Bullinger, Chairman, Pennsylvania 
State College. 


Wednesday, June 16, 1948 


12:30 P.M. Luncheon, English Room, 
Texas Union, J. C. Clark, University of 
Arizona, presiding. 

Teaching Engineering Economy. 
Ayres, Ohio State University. 

Teaching an Control to Engineering 
Students. . R. Burgess, Washington 
University. 


Er. By. 


ENGLISH 


H. R. Bartlett, Chairman, Massachusetts 
Institute of Technology. 


A. M. Fountain, Secretary, North Carolina 
State College. 


Monday, June 14, 1948 


6:00 P.M. Dinner, Small Dining Room, 
Home Economics Tea House, - 
Bartlett, Massachusetts Institute of 


Technology, presiding. 
Program to be announced. 


8:00 P.M. Room 201, Physics Building, 
E. S. Burdell, Cooper Union, and H. R. 
Bartlett, Massachusetts Institute of 
Technology, Co-chairmen, presiding. 


Joint Session with Humanistic-Social 
Studies Division. 


Integrating the Humanities and Social 


Sciences. 

Subject to be announced. J. H. Pitman, 
Newark College of Engineering. 

What Common Aims Can Be Found for 
Integrating the Humanities and Social 
Sciences. Bowyer, Southern 
Methodict University. 

Take No Thought. S. R. Price, Michi- 
gan College of M. & T. 


Thursday, June 17, 1948 


12:30 P.M. Luncheon, Small Dining 
Room, Home Economics Tea House. 


Report of Committee on Graduate Train- 
ing for Teachers of English in Engi- 
neering Colleges. J. E. Thornton, Uni- 
versity of Michigan. 


2:00 P.M. Room 108, Geology Building, 
C. A. Brown, General Motors Institute, 
presiding. 
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Pertinent Reading for Engineering Stu- 
dents and Science Majors—the Middle 
Ground. W. T. Conklin, University of 
Texas. 

The Problem Method in Humanistic Stud- 
ies. C. H. Gray, Rensselaer Polytechnic 
Institute. 

Visual Aids in Technical Writing—An 


Evaluation. J. A. Walter, University 
of Texas. 


EVENING ENGINEERING 
EDUCATION 


C. Wandmacher, Chairman, Polytechnic In- 
stitute of Brooklyn. 


H. R. Beatty, Secretary, Pratt Institute. 


Monday, June 14, 1948 


12:30 P.M. Luncheon, 
Room, Texas Union. 


2:00 P.M. 301 Geology Building, C. 
Wandmacher, Polytechnic Institute of 
Brooklyn, presiding. 


Evening Engineering Certificate Programs. 
F. R. Neuffer, University of Cincinnati. 

Evening Engineering Extension Centers. 
W. D. McIlvaine, University of Ala- 
bama. 

Undergraduate and Graduate Evening 
Programs of Illinois Institute of Tech- 
nology. W. A. Lewis, Illinois Institute 
of Technology. 

Business meeting. 


Queen Anne 


GRADUATE STUDIES 


B. R. Teare, Chairman, Carnegie Institute 
of Technology. 

F. T. Mavis, Secretary, Carnegie Institute 
of Technology. 


Wednesday, June 16, 1948 


2:00 P.M. 203 Physics Building, C. E. 
Bennett, University of Maine, presiding. 
Joint Session with Physics Division and 

AAPT. 

The Role of Physics in Graduate Instruc- 
tion in Engineering. 

Manual of Graduate Studies and Engi- 
neering. L. E. Grinter, Illinois In- 
stitute of Technology. 

Discussion : 
S. L. Brown, University of Texas. 
E. Hutchisson, Case Institute of 
Technology. 
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Thursday, June 17, 1948 


12:30 P.M. Luncheon, Dining Room, 
Cafeteria Annex, B. R. Teare, Carnegie 
Institute of Technology, presiding. 


Is Engineering a University Subject? W. 
V. Houston, Rice Institute. 


HUMANISTIC-SOCIAL STUDIES 


E. S. Burdell, Chairman, Cooper Union. 


K. O. Thompson, Secretary, Case Institute 
of Technology. 


Monday, June 14, 1948 


8:00 P.M. Room 201, Physics Building, 
H. R. Bartlett, Massachusetts Institute 
of Technology, and E. Burdell, 
Cooper Union, Co-chairmen, presiding. 


Joint session with the English Division. 


Integrating the Humanities and Social 


Sciences. 


Subject to be announced. J. H. Pitman, 
Newark College of Engineering. 


What Common Aims Can Be Found for 
Integrating the Humanities and Social 
Sciences. Bowyer, Southern 
Methodist University. 


Take No Thought. S. R. Price, Michi- 
gan College of M. & T. 


Tuesday, June 15, 1948 


2:00 P.M. Room 105, Architecture Build- 
ing, E. S. Burdell, Cooper Union, pre- 
siding. 

The Moral and Social Challenge of Atomic 
Fission to the Educator, the Engi- 
neer, and the Citizen: 


As Educator: Viewing Extra Technical 
Aspects of the Nuclear Study Pro- 
gram at Oak Ridge. R. M. Boarts, 
University of Tennessee. 


As Engineer: Training Engineers to 
Build Bridges Between Management 
and Labor. J. F. Downie Smith, 
Iowa State College. 

As Citizen: Arousing Engineers to 
Citizenship and Leadership in a 
World of Crisis. E. S. Redford, 
University of Texas. 


INDUSTRIAL ENGINEERING 


J. K. Walkup, Chairman, Iowa State College. 


M. L. Begeman, Secretary, University of 
Texas. 








FIFTY-SIXTH ANNUAL MEETING 


Wednesday, June 16, 1948 


2:00 P.M. 12 Biological Laboratory, M, 
L. Begeman, University of Texas, pre. 
siding. 

Joint Meeting with Mechanical Engineer. 
ing Division. 

Natural Tolerances of Production Proc. 
esses—Determination and Interpretation, 
E. R. Meyer, Caterpillar Tractor Com. 
pany, Peoria, Ill. 

The Place of Statistics Instruction in 
Engineering Education. E. L. Grant, 
Stanford University. 


Thursday, June 17, 1948 


12:30 P.M. Luncheon, Queen Anne 
Room, Texas Union, E. Laitala, Uni- 
versity of Illinois, presiding. 


Safety Engineering. W. N. Cox, Georgia 
School of Technology. 


2:00 P.M. 301 Bioiogical Labortory, J, 
K. Walkup, Iowa State College, presid- 
ing. 

Implications of the Taft-Hartley Law. 
. R. Bangs, Budd Manufacturing Com- 
pany, Philadelphia, Pa. 


Job Design in Petroleum Production Op- 
erations. H. G. Thuesen, Oklahoma 
A. & M. College. 


INDUSTRIAL HYGIENE, SAFETY 
AND FIRE PREVENTION 


G. H. Dunstan, Chairman, University of 
Alabama. 


Wednesday, June 16, 1948 


2:00 P.M. Room 15, Chemistry Build- 
ing, G. H. Dunstan, University of Ala- 
bama, presiding. 


Joint Session with the Civil Engineering 
Division. 

Report of the Committee on Industrial 
Hygiene, Safety and Fire Prevention. 
G. H. Dunstan, University of Alabama. 


Safety in Construction. W. N. Cox, Jr, 
Georgia School of Technology. 


Activities of the Committee on Coopera- 
tion with Engineering Colleges, Ameri- 
can Society of Safety Engineers. J. 
Stennett, National Association of 
tual Casualty Companies, Chicago, Ill. 


The Contribution of Colleges of Engi- 
neering to the Training of the Safety 
Engineers of Tomorrow. M. K. 
Boelter, University of California. 
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FIFTY-SIXTH ANNUAL MEETING 


Industrial Sanitary Engineering. G. W. 
Reid, Georgia School of Technology. 
Report of the Sanitary Engineering Com- 
mittee, Civil Engineering Division. G. 
H. Dunstan, University of Alabama. 
What is Sanitary Engineering? E. Boyce, 

University of Michigan. 
Graduate Study in Sanitary Engineering. 
H. B. Gotaas, University of California. 
The MPH Program for Engineers. W. 
T. Ingram, American Public Health 
Association, New York. 


JUNIOR COLLEGES 


R. H. Spahr, Chairman, General Motors 
Institute, Flint, Michigan. 


Wednesday, June 16, 1948 


12:30 P.M. Joint Luncheon with Tech- 
nical Institute Division. Dining Room, 
Cafeteria Annex, R. H. Spahr, General 
Motors Institute, presiding. 

Ways in Which the A.S.E.E. and the 
American Association of Junior Col- 
leges May Work Together Toward Ob- 
jectives in Educational Areas of Com- 
mon Interest. L. Medsker, Wright 
Junior College. 

2:00 P.M. 105 Home Economics Build- 
ing, L. L. Bethel, New Haven Y. M. 
C. A. Junior College, presiding. 

Joint Session with Technical Institutes 
Division. 

Accrediting of Junior College “Pre” and 
“Terminal” Engineering Curricula. H. 
P. Hammond, Pennsylvania State Col- 
lege. 

Address: J. P. Bogue, American Asso- 
ciation of Junior Colleges. 

Discussion : 

J. E. Gray, Lamar College. 
L. M. K. Boelter, University of Cali- 
fornia. 


MATHEMATICS 


W. L. Miser, Chairman, Vanderbilt Uni- 
versity. 


J. H. Zant, Secretary, Oklahoma Agricul- 
tural and Mechanical College. 


Tuesday, June 15, 1948 
2:00 P.M. 301 Biology Laboratory, W. 
L. Miser, Vanderbilt University, presid- 
ing. 
The Application of Mathematics to Engi- 
neering Problems. 
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Choice of Criteria in Applying Mathe- 
matical Methods to Evaluation and 
Analysis of Engineering Systems. D. 
C. May, Bureau of Ordnance, Navy 
Department. 


Continuing Instruction 
Throughout Mechanics. 
Cornell University. 

Mathematical Statistics in Engineering 
Problems. C. J. Rees, University of 
Delaware. 


in Mathematics 
D. F. Gunder, 


Wednesday, June 16, 1948 


6:00 P.M. Dinner, Colonial Room, Dris- 
kill Hotel, W. L. Miser, Vanderbilt 
University, presiding. 

The Content of College Mathematics with 
Special Reference to the Engineering 
Student. 

Discussion : 

J. W. Cell, North Carolina State Col- 
lege. 

H. K. Justice, University of Cincinnati. 

Arnold Dresden, Swarthmore College. 


Thursday, June 17, 1948 


2:00 P.M. Room 307, Architecture Build- 
ing, E. A. Walker, Pennsylvania State 
College, presiding. 

Joint Session with the Educational Meth- 
ods Division. 
Examinations : 

Measuring the Social Orientation of 
Freshman Engineers. . Speer, 
Illinois Institute of Technology. 

The Testing Program for the Pre- 
Radar Courses of Harvard. G. R. 
Tatum, Johns Hopkins University. 

Effective Methods of Teaching Mathe- 
matics in an Engineering School. 
W. C. Krathwohl, Illinois Institute 
of Technology. 


MECHANICAL ENGINEERING 


F. L. Schwartz, Chairman, University of 
Michigan. 

E. N. Kemler, Secretary, New York Uni- 
versity. 


Monday, June 14, 1948 . 


2:00 P.M. Room 14, Geology Building, 
F. A. Heacock, Princeton University 
presiding. 

Joint conference with the Engineering 
Drawing Division. 
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Some Relationships between Descriptive 
Geometry and Mechanics and Mathe- 
matics. W. H. Taylor, University of 
Alabama. 


Preparing the Beginning Engineering Stu- 


dent in the Drawing Class for His. 


Later Work in Machine Design. H. N. 


Tyson, California Institute of Tech- 
nology. 

Standard Parts and Practices. A. W. 
Luce, Pratt Institute. 

Modern Dimensioning Practices. S. B. 


Elrod, Purdue University. 


8:00 P.M. Room 14, Geology Building, 
F. M. Dawson, State University of 
Iowa, presiding. 

Joint Session with the Engineering Col- 
lege Research Council. 
Research being done in Mechanical En- 
zineering Departments: 
On the Pacific Coast. L. M. K. Boelter, 
University of California. 
In the Middle West. G. A. Hawkins, 
Purdue University. 
On the East Coast. E. N. Kemler, 
New York University. 


Tuesday, June 15, 1948 


12:30 P.M. Luncheon and Business Meet- 
ing, International Ball Room, Texas 
Union, E. N. Kemler, New York Uni- 
versity, presiding. 

The Broadening Horizon of the Engineer- 
ing Profession. W. B. Clayton, Gen- 
eral Electric Company, Dallas, Texas. 


2:00 P.M. 12 Biological Laboratory, S. 
J. Tracy, College of the City of New 
York, presiding. 

Heat Power Engineering and Mechanical 
Engineering Laboratory Planning and 
nee, the Heat Power Labora- 
tory. . Obert, Northwestern Uni- 
oni 

Specialized Subjects—I—Air Condition- 
ing. M. C. Giannini, New York Uni- 
versity. 

Panel Discussion—A Change in the Pres- 

entation of Thermodynamics. 
F. D. Carvin, Newark College of Engi- 
neering. 
H. Kuensel, Washington University. 
N. A. Parker, University of Illinois. 


Wednesday, June 16, 1948 


2:00 P.M. 12 Biological Laboratory, M. 
L. Begeman, University of Texas, pre- 
siding. 


FIFTY-SIXTH ANNUAL MEETING 


Joint Session with Industrial Engineering 
Division. 

Natural Tolerances of Production Proc. 
esses—Determination and Interpretation, 
E. R. Meyer, Caterpillar Tractor Com. 
pany, Peoria, IIl 

The Place of Statistics Instruction in 
Engineering Education. E. L. Grant, 
Stanford University. 


6:00 P.M. Dinner, English Room, Texas 
Union, F. L. Schwartz, University of 
Michigan, presiding. 

New Horizons in Engineering Education, 
Thorndike Saville, New York Univer- 
sity. 


Thursday, June 17, 1948 


2:00 P.M. 12 Biological Laboratory, H. 
A. Bolz, Purdue University, presiding. 

Machine Design Instruction. 

Teaching Creativeness in Design. E. M. 
Midgette, J. N. Macduff, and J. Mod- 
_ Polytechnic Institute of Brook- 
yn. 

Laboratory Projects for Machine Design 
Courses. C. E. Balleisen, Purdue Uni- 
versity. 

Report on the Machine Design Clearing- 
house Bulletin. C. E. Balleisen, Pur- 
due University. 


MECHANICS 


G. N. Cox, Chairman, Louisiana State Uni- 
versity. 


Wednesday, June 16, 1948 


2:00 P.M. 105 Architecture Building, G. 
N. Cox, Louisiana State University, 
presiding. 

Effect of Size of Class on Quality of 
Scholarship in Mechanics. S. Ward, 
Fenn College. 

The Mechanics Laboratory—Should it be 
a Materials Testing Laboratory or a 
Place for Demonstrating the Principles 
of Applied Mechanics and Strength of 
Materials. F. L. Everett, University of 
Michigan. 

The Use of Visual Aids in Classroom 
Work. C. O. Harris, University of 
Notre Dame. 

Business meeting and election. 


Thursday, June 17, 1948 


12:30 P.M. Luncheon, International Ball 
Room, Texas Union. G. N. Cox, Louis- 
iana State University, presiding. 
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Recent Developments in Mechanics. 
R. G. Sturm, Purdue University. 


2:00 P.M. Room 15, Chemistry Build- 
ing, W. Raeder, University of Colorado. 

Joint Conference with Civil Engineering 
Division. 

What Lines of Demarkation Should be 
Recognized Between Advanced Courses 
in Civil Engineering and Advanced 
Courses in Mechanics. Frank Kerekes, 
Iowa State College. 

Discussion : 

R. V. James, University of Oklahoma. 

P. W. Ott, Ohio State University. 

Program sponsored by Civil Engineering 

Mechanics Committee: 

Description of Soil Mechanics Labora- 
tory at Northwestern University. J. 
O. Osterberg, Northwestern Univer- 
sity. 


MINERAL ENGINEERING 


G. J. Barker, Chairman, University of Wis- 
consin. 

J. W. Stewart, Secretary, University of 
Alabama. 


Monday, June 14, 1948 


2:00 P.M. Room 108, Geology Building, 
H. H. Power, University of Texas, 
presiding. 

Current Enrollment in Mineral Industry 
Schools. W. B. Plank, Lafayette Col- 
lege. 

The Mining Engineer’s Place in the Cur- 
rent Economy. C. L. Wilson, School of 
Mines & Metallurgy. 

Should We Have a Four or Five Year 
Engineering Curriculum or Both? H. 
Vance, A. & M. College of Texas. 

Geological Engineering with Reference to 
Ground Water. W. O. George, U. S 
Geological Survey, Austin, Texas. 


8:00 P.M. Room 108, Geology Building, 
T. L. Joseph, University of Minnesota, 
presiding. 

Inter-American Educational and Profes- 
sional Relations in Engineering. S. S. 
Steinberg, University of Maryland. 

Mineral Resources of Texas, other than 
Oil. J Lonsdale, University of 
Texas. 

Smelting Processes Carried Out in Texas. 

Discussions : 

Copper Refining. E. M. Thomas, Texas 
College of Mines & Metallurgy. 
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Recovery of Magnesium from Seawater. 
W. P. Schambra, Dowell Chemical 
Company, Freeport, Texas. 


Tuesday, June 15, 1948 


12:30 P.M. Luncheon, Small Dining 
Room, Home Economics Tea House, 
G. J. Barker, University of Wisconsin, 
presiding. 


PHYSICS 


Joint meeting with the American Associa- 
tion of Physics Teachers. 
C. E. Bennett, Chairman, ASEE, Uni- 
versity of Maine. 
J. E. Howey, Secretary, ASEE, Georgia 
School of Technology. 


J. W. Buchta, President, AAPT, Univer- 
sity of Minnesota. 

C. J. Overbeck, Secretary, AAPT, North- 
western University. 

H. K. Schilling, Pennsylvania State Col- 
lege, Vice-President and Program Chair- 
man, AAPT. 


Tuesday, June 15, 1948 


12:30 P.M. Joint Luncheon with Elec- 
trical Engineering Division and AAPT. 
Main Dining Room, Home Economics 
Tea House, F. H. Pumphrey, Univer- 
sity of Florida, presiding. 

Training for. Government Research. M. 
H. Trytten, National Research Council. 


2:00 P.M. 203 Physics Building, H. K. 
Schilling, Pennsylvania State College, 
presiding. 

Joint Session with AAPT. 

The Research and Development Board. 
H O’Bryan, Research and De- 
velopment Board. 

The Utilization of Scientists and En- 
gineers During World War II. M. 
L. White, Pennsylvania State College. 

Other papers to be announced in AAPT 
program. 


Wednesday, June 16, 1948 


2:00 P.M. 203 Physics Building, C. E. 
Bennett, University of Maine, presiding. 
Joint Session with Division of Graduate 
Studies and AAPT. 
The Role of Physics in Graduate Instruc- 
tion in Engineering. 
Manual of Graduate Studies and Engi- 
neering. L. E. Grinter, Illinois 
Institute of Technology. 
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Discussion : 
S. L. Brown, University of Texas. 
E. Hutchisson, Case Institute of 
Technology. 
Business meeting of Physics Division. 


8:00 P.M. 203 Physics Building, J. W. 
Buchta, University of Minnesota, pre- 
siding. 

Papers to be announced in AAPT pro- 
gram. 


PROFESSIONAL DEVELOPMENT 


N. W. Dougherty, Chairman, University of 
Tennessee. 


Wednesday, June 16, 1948 


8:00 P.M. 105 Architecture Building, R. 
M. Green, University of Nebraska, pre- 
siding. 

Teaching Professional Qualities. 
Bolton, Texas A. & M. College. 

The Professional Employee in Industry. 
Edith Clarke, University of Texas. 

Applied Science as a Medium for Giving 
Instruction in Professional Qualities. 
N. W. Dougherty, University of Ten- 
nessee. 

Discussion. 


RELATIONS WITH INDUSTRY 
J. C.. McKeon, Chairman, Westinghouse 
Electric Corporation. 
K. B. McEachron, Jr., Secretary, General 
Electric Company. 


Tuesday, June 15, 1948 


2:00 P.M. 15 Chemistry Building, J. C. 
McKeon, Westinghouse Electric Cor- 
poration, presiding. 

Division of Responsibility in the Educa- 
tion of an Engineer. B. R. Teare, 
Carnegie Institute of Technology. 

Developing the Lines of Industry-College 
Communications. E. C. Koerper, A. O 
Smith Corporation. 

Expanding Engineering Opportunities. 
D. C. Hunt, University of Detroit. 

Industry-College Cooperation in Develop- 
ing Teaching Aids, Displays, and Ap- 
paratus. W. J. King, Cornell Univer- 
Sity. 

Wednesday, June 16, 1948 


5:00 P.M. Petroleum Engineering Build- 
ing, Conference Room 209, Committee 
Meeting. 

6:00 P.M. Dinner, Dining Room, Cafe- 
teria Annex, J. C. McKeon, Westing- 
house Electric Corporation, presiding. 
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SECONDARY SCHOOLS 


L. M. K. Boelter, Chairman, University ¢ 
California. 


Thursday, June 17, 1948 


2:00 P.M. 14 Geology Building, L. \j 
K. Boelter, University of Califor, 
presiding. 

Joint Meeting with Engineering Colleg 
Administrative Council. 
Round Table Discussion: 
Relations Between Engineering Schoo 
and Secondary Schools. 
Moderator: H. H. Armsby, U. 
Office of Education. 
Recorder: W. D. Turnbull, Ohi 
State University. 
Other round table members to & 
announced. 


TECHNICAL INSTITUTES 


W. L. Hughes, Chairman, Franklin Tet 
nical Institute. 


Monday, June 14, 1948 


12:30 P.M. Luncheon, Main _Dinig 
Room, Home Economics Tea House, 
C. Harper, Wyomissing Polytechnic | 
stitute, presiding. 

University Extension to the Technic 
Institute Area. W. D. McIlvaine, Us 
versity of Alabama. 

Terminal-Technical Courses in i 
Colleges. L. L. Bethel, Y. M. C4 
Junior College, New Haven, Connett 
cut. 

Appointment of Nominating Committ 
for 1949. 


Holderman, 
State College, presiding. 

Individual Education Accomplished. | 
H. Rietzke, Capitol Radio Engineer 
Institute, Washington, D. C 

How Qualified Students Are Select 
D. F. Pratt, Cincinnati Milling } 
chine Company. 

How Qualified Instructors Are Recruit 
J. T. Faig, Ohio Mechanics Institute 


6:00 P.M. 
International Ball Room, Texas Um 
W. L. Hughes, Franklin Technical 
stitute, presiding. 

Roll Call of Pioneers. 
The History and Development of Term 
Technical Education in America. L 
K. Boelter, University of California 


Silver Anniversary Dinne 





ilding, L. ¥ 
of Californi) 


rmsby, U. 
urnbull, Ohi 


embers to k 


TUTES 


-olytechnic |r 


the Technic 
[cllvaine, Us: 


Milling 


Are Recruit! 
ics Institute 


Technical ls 


nt of Terni 
merica, L. 
California. 


FIFTY-SIXTH ANNUAL MEETING 


Presentation of Citation Award. 
Election of Officers. 


Tuesday, June 15, 1948 


2:00 P.M. Conference. Room 111, Gar- 
rison Hall. Chairman of Nominating 
Committee presiding. 

Effecting National Committee Organiza- 
tion Representative of Branches of Ter- 
minal-Technical Education and also Rep- 
resentative of Geographical Locations. 


Wednesday, June 16, 1948 


12:30 P.M. Joint Luncheon with Junior 
Colleges Division, Dining Room, Cafe- 
teria Annex, R. Spahr, General 
Motors Institute, presiding. 

Ways in;Which the A.S.E.E. and the 
American Association of Junior Col- 
leges May Work Together Toward Ob- 
jectives in Educational Areas of Com- 
mon Interest. L. Medsker, Wright 
Junior College. 


2:00 P.M. ‘105 Home Economics Build- 
ing, L. L. Bethel, New Haven Y. M. 
C. A. Junior College, presiding. 

Joint Session with Junior Colleges Divi- 
sion. 

Accrediting of Junior College “Pre” and 
“Terminal” Engineering Curricula. H. 
Me Hammond, Pennsylvania State Col- 
ege. 

Address: J. P. Bogue, American Associa- 
tion of Junior Colleges. 


Discussion : 
J. E. Gray, Lamar College. 


L. M. K. Boelter, University of Cali- 
fornia. 


Thursday, June 17, 1948 


2:00 P.M. Room 105, Architectural Build- 
ing, W. L. Hughes, Franklin Technical 
Institute, presiding. 


Can Graduates of Terminal-Technical 
Schools Be Given Educational Creden- 
tials Which Will Be Nationally Rec- 
ognized? 


OTHER MEETINGS 


CoMMITTEE oN CONSTITUTION AND By- 
Laws—H. O. Croft, Chairman, Univer- 
sity of Iowa. Monday, June 14, 1948, 
3:00 P.M., 301 Biology Laboratory. 

Committee on SECTIONS AND BrRANCHES— 
B. J. Robertson, Chairman, University of 
Minnesota. Thursday 17, 1948, 2:00 P.M., 
301 Geology Building. 


607 


CoMMITTEE ON LamMME Awarp—D. S. Bridg- 


man, Chairman, American Telephone and 
Telegraph Company. 12:30 P.M—Lunch- 
eon Meeting—Wednesday, June 16, 1948, 
Colonial Room, Driskill Hotel. 

CoMMITTEE ON GEORGE WESTINGHOUSE 
Awarp—H. E. Wessman, Chairman, New 
York University. 12:30 P.M—Luncheon 
Meeting—Thursday, June 17, 1948, Co- 
lonial Room, Driskill Hotel. 

CoMMITTEE ON UNDERGRADUATE CURRICULA 
—W. N. Jones, presiding, Carnegie Insti- 
tute of Technology. Thursday, June 17, 
1948, 2:00 P.M., Room 201, Physics Build- 
ing. 

Division CHAIRMEN—N. C. Ebaugh, Chair- 
man, University of Florida. Meeting to 
discuss the preparation of Division By- 
Laws. Thursday, June 17, 1948, 2:00 
P.M., 301 Biology Laboratory. 

SOUTHWESTERN Section—O. A. St. Clair, 
Chairman, Texas Technological College; 
M. C. May, Secretary, University of New 
Mexico. Luncheon, Thursday, June 17, 
1948, 12:30 P.M., Main Dining Room, 
Home Economics Tea House. 


GENERAL INFORMATION 
Headquarters 


The headquarters for the Convention will 
be the Texas Union Building on the West 
side of The University of Texas Campus. 
Taxi fare from either the Southern Pacific 
and Missouri, Kansas and Texas Depot or 
the Missouri Pacific Depot (the two depots 
are across the street from each other) to 
the hotels, to the Texas Union or from the 
hotels to the Texas Union is 35 cents for 
one or two passengers. Taxi fare from the 
Airport, served by Braniff and Pioneer Air- 
lines, to either of the hotels or the Uni- 
versity Campus is 50 cents per person. 
Buses (fare 814 cents) marked “Main” go 
directly from depots and downtown to Uni- 
versity campus. (About a 20 minute walk.) 
Summer attire will be the dress for the 
occasion. 


Registration 
Registration Headquarters will be on the 
second floor of the Texas Union. The reg- 

istration desk will be open: 
Sunday, June 13—2:00 P.M. to 11:00 P.M. 
Monday, June 14—8:30 A.M. to 11:00 P.M. 
Tuesday, June 15—8:30 A.M. to 6:00 P.M. 
bs may June 16—8:30 A.M. to 5:00 


Thursday, June 17—8:30 A.M. to 5:00 P.M. 
Friday, June 18—8:30 A.M. to 1:00 P.M. 
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Badges and tickets will be ready for im- 
mediate delivery at the registration desk for 
those who send in Pre-registration cards. 
Early registration is necessary in order to 
permit planning for luncheons and dinners. 


Mail advance registration and requests for 
housing to: 


Professor J. Neils Thompson 
173 Engineering Building 
The University of Texas 

Austin, Texas 


TRANSPORTATION 


Railroad lines entering either Austin or 
San Antonio from the north include the 
Missouri Pacific and the Missouri-Kansas- 
Texas lines; from the west and southwest, 
the Burlington, Santa Fe, Southern Pacific, 
and the Missouri Pacific lines; from the 
southeast (New Orleans), the Southern 
Pacific. 


The Missouri Pacific will operate a spe- 
cial train which will leave St. Louis Sunday 
afternoon at 2:30 P.M. and arrive in Austin 
Monday 10:30 A.M., in time to secure room 
reservations and attend the Monday after- 
noon conferences. This train schedule will 
allow passengers coming from the west, 
north and east to make convenient connec- 
tions at St. Louis. Return trip via New 
Orleans can be arranged at a small extra 
cost. 


Airline routes into Austin include Braniff, 
Pioneer and American Airlines. 


Tickets 


It is important that arrangements for 
group meals, the Barbecue-Frolic, and the 
annual dinner be completed at the earliest 
possible date. Those who plan to attend 
any of the functions are urged to purchase 
tickets at the time of registration—luncheons 
and Barbecue-Frolic, $1.50; dinners, $2.50; 
Annual Banquet, $3.50 including tips. Texas 
has no sales taxes. 


Housing 


Living quarters for the guests will be 
provided by hotels, tourist courts and dormi- 
tories. All housing facilities, excluding 
some tourist courts, will be within a mile 
and one-half of the Campus and may be 
reached by taxi or bus. 
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Meals 


Meals, other than the scheduled luncheoy 
and dinners, may be had at the Universiy 
Commons in the Texas Union, cafes adjoin. 
ing the Campus and at the hotels and cafe 
downtown. Prices for such meals will 
from 75 cents up except in the Universi 
Commons where service is cafeteria styl 
and prices will be less. 


Information 


Information service will be maintained a 
the registration desk. Bulletins, printed leaf 
lets, maps, attendance lists and other mate 
rial for the guidance of visitors will k 
available. 


Mail and Communications 


Mail and telegrams should be addressed 
to A.S.E.E. Headquarters, Texas Union, 
The University of Texas, Austin, Texas, 
To reach A.S.E.E. Headquarters by tele 
phone, call 9171, Extension 450. 


Entertainment 


On Tuesday evening, June 15, a Barbecue- 
Frolic will be held for all visitors at Barton 
Springs within the city limits. Bring your 
bathing suits with you. Bathing, eating, 
singing, dancing and fun for the entire 
family will be the order of the evening. 
Transportation for those who do not have 
cars will be provided by buses leaving the 
Texas Union each half hour from 4:00 P.M. 
to 6:00 P.M. 

Trips to the nearby lake region will be 
arranged for those who are interested. 

Golf, swimming, boating, picnicking and 
other forms of entertainment are available 


Women’s Program 


Tuesday, June 15: 


1:45 P.M. Sight-seeing trip of Austis 
and vicinity. 


4:00 P.M. _ Barbecue-Frolic, 
Springs, $1.50. 
Wednesday, June 16: 
12:00 Noon. Mexican luncheon, $1.50. 


2:00 P.M. Bridge and/or tour of Un 
versity Campus. 


8:00 P.M. Colored motion pictures @ 
Mexico. 


Thursday, June 17: 


Barton 


10:30 A.M. Garden Party at Lagum 
Gloria. 
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Visual Aids Exhibit 

An exhibit of unusual and helpful instruc- 
tional aids is being organized and will be 
displayed in Room 118, Architectural Build- 
ing. This will include models, laboratory 
demonstration equipment, charts, and films 
which help to clarify difficult concepts in 
engineering, mathematics, and physics. 
Members who desire to display such equip- 
ment should write Professor Jack Lenhart, 
Chairman, Visual Aids Exhibit Committee, 
307 Engineering Building, Austin 12, Texas. 
The Society cannot pay shipping costs or 
be responsible for damage to exhibits. 


VISITS TO TEXAS A. & M. 
COLLEGE 


Texas A. & M. College is located at Col- 
lege Station (near Bryan) and is ninety 
miles East of Austin by good road. The 
college will welcome visitors before and 
after the annual A.S.E.E. Meeting. Open 
house will be held Saturday, June 12, Sun- 
day, June 13, and Saturday, June 19. Per- 
sons desiring to visit A. & M. before the 
meeting should come directly to A. & M. 
(by Southern Pacific route through Houston 


or Dallas). 

Transportation will be provided free of 
charge to Austin on Sunday, June 13 and 
early on Monday morning June 14. Dormi- 
tory accommodations will be available on 
Friday, Saturday, and Sunday nights June 
ll, 12, 13, 18 and 19, Transportation with- 
out charge from Austin will be provided 
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those persons wishing to visit A. & M. after 
the A.S.E.E. Meeting. Cars will leave Aus- 
tin so as to arrive at College Station Friday 
afternoon June 18. It is requested that all 
persons desiring to visit A. & M. before the 
meeting write to H. W. Barlow, Dean of 
Engineering, asking for accommodations giv- 
ing the names as well as the number of men, 
women and children in the party and stating 
time of arrival. 


Items of unusual interest are the A-C 
Calculating Board (Network Analyzer), 
Mass Spectrometer Laboratory, Gaging Lab- 
oratory, Cotton Seed Products Laboratory, 
Wind Tunnel, Airport, Chemical and Pe- 
troleum Engineering Laboratories, Soil Me- 
chanics Laboratory, and the Mechanical En- 
gineering and Industrial Education Shops. 


Opportunity will be provided at registra- 
tion to sign up for visits to A. & M. after 
the A.S.E.E. Meetings. 


A. I. E. E. SUMMER CONVENTION 
IN MEXICO CITY 


The Summer General Meeting of The 
American Institute of Electrical Engineers 
will be held in Mexico City, June 21-25, 
1948. The dates of the A. S. E. E. con- 
vention were set in such a way as to make 
it possible for A. I. E. E. members to attend 
their convention in Mexico City after at- 
tending the A. S. E. E. meeting in Austin. 
Through transportation to Mexico City with 
stopover privileges at Austin can be ar- 
ranged with the railroads. 


LOCAL COMMITTEES 


GENERAL COMMITTEE 


V. L. Doughtie, Chairman 
W. R. Woolrich, Honorary Chairman 
. F. Kreisle, Secretary 
C. E. Rowe 
. N. Thompson 
. J. Thompson 
P. M. Ferguson 
H. H. Power 
H. L. McMath 
- Mrs. R. W. Warner 


ge 


a 


Registration 
C. E. Rowe, Chairman, A. A. Benish, L. 
B. Benson, R. W. Blevins, R. Guernsey, Jr., 
W. M. Honour, H. W. Smith, B. F. Treat, 
C. F. Weinaug, I. E. Wilks. 


Housing 
J. N. Thompson, Chairman, R. A. Bacon, 
R. F. Dawson, C. R. Granberry, R. E. 
Greenwood, J. D. McFarland, J. J. McKetta. 


Banquets and Luncheons 


M. J. Thompson, Chairman, C. M. Cleve- 
land, W. W. Dornberger, C. J. Eckhardt, 
W. H. Earhart, R. P. Felgar, Jr.. O. W. 
Fenske, H. L. Kent, K. A. Kobe, N. C. Mc- 
Guire, W. A. Meyer, A. W. Straiton. 


Conferences and General Sessions 


P. M. Ferguson, Chairman, M. V. Barton, 
H. V. Craig, W. A. Felsing, J. Griswold, 
R. R. Krezdorn, J. : Moore, 
J. J. Pollard, E. A. Ripperger, B. E. Short, 
J. A. Walter. 
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Hospitality 


H. H. Power, Chairman, E. C. H. Bantel, 
W. J. Carter, J. A. Focht, W. F. Helwig, 
F. K. Pence, Miss E. R. Voss. 


Printing and Publicity 


H. L. McMath and J. A. Scanlan, Co- 
chairmen, W. T. Conklin, S. P. Finch, W. E. 
Keys, W. H. McNeill, J. B. Oliphint. 


Ladies 


Mrs. R. W. Warner, Chairman, Mrs. M. 
V. Barton, Mrs. M. L. Begeman, Miss Edith 
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Clark, Mrs. W. A. Cunningham, Mrs, 
Dawson, Mrs. C. J. Eckhardt, Mrs, J 
Focht, Mrs. J. D. McFarland, Mrs. & 
McMath, Mrs. H. H. Power, Mrs, 
Short, Mrs. W. R. Woolrich. 


Transportation and Trips ~ 

B. N. Gafford, Chairman, L. Barclay 
Guillard, W. K. Griffis. 

Finance 


W. A. Cunningham, Chairman, Mj 
Begeman, B. McLaurin, R. W. Wi 
D. Young. 











